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{Detection Methods of DNA Amplification Using Probe Labeled with 
Intercalating Dye} 

<i> £ la i^^l Ib^ ^ ^^1^1 '^l nl-^ S-^^c^lx:]-. 

<2> £2^5' DNA GREEN S^^Sc^It^Ii::!-^^!^ S.^]^ ^e) Jl^f #5^1-5-^^1 

<3> £ 3 ^ '^7lA|<l DNA GREEN S^^c^I-t^IcI-oIje s.^]^ ^e) ji^#5ll^Bf 0]:= 

<4> :£ 4^ 5' DNA GREEN iiS^il-Pl i^o] a^]^ ^e] Jl^#5ll^E]-o]:E.^>ll cfl^ 

<=>l-g-s-><^ 450 nm ~ 800 nm^]^^ ^^i^ M-Hfi^x:]-. 

<5> £5^5' DNA GREEN JE^^JL^VT^jirl-o] e s.^]^ j7^^^]_2_^ol:c ofl i:)]^ 

^l^^M 500 nm ~ 600 nmo\]^ ^-B^-^flx:^-. 

<6> £ 6 ^ 5' ^T^r DNA GREEN S^iSc5]-p1x:]-o1;e JiTr^ell^Bfo]^.^ o]oii 

nm ~ 800 rm^]^^ ^^J^ ^^iJ:^ i^^^fli^l-. 
<7> £ 7^ 5' DNA GREEN ^E^^X^Vt^I t:f oj^e S.^]^ jr^^^ll^Bfoljc 
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nra - 600 nm<^l^i ^^^^ M-^^^i^l-. 

<8> £8^5' DNA GREEN S^iSo]-p1x:]-o1:e s.^]^ ^^ji2^^^^^o]^6\] tfl*)- 

PCR «]:-§- ^ ^ o}7}^^^ ^ ^7]^^ i^-Bf^fli^. 

<9> £ 9^ cfl^ PGR ^-§- ^ ^^1 ^ <i>7>S.^^ € ^ 

<io> £ 10^ "^71^-1^ DNA GREEN S^iS'^Hi^'^'lH S.^]^ jL^#5ll o]^. 

<u> £ 11^ 5' DNA GREEN a^iS'iHcfol:^ s.^]^ ^^ji^^^^o^^o]B.d\] 

PGR ^ ^ a^^^ q-Bl-i^t:f. 

<12> :£ 12^ 5' DNA GREEN S^^^c^l-T^lcl-ol e S.^]^ #el31^#5ll^Bf olJE-cfl cfl^ 

<13> :£ 13^ '^7lA^<i DNA GREEN Siioj-n] cfol:^ ^x]^ JlTf#5ll^B]-ol:B 

<i4> £ 14^ '^7]^^'^ DNA GREEN S^^S^l-T^lirf o] e ^x]^ o.Bfo]:c 

tfl?!: PGR tif^ ^ ^^^Ir-^Hl cfl*!: oj-yj-S^ ^ ^7l<^^ 

<15> :£ 15^ 5' DNA GREEN Si^c^l-T^lirl-ol e s^]^ j7^#5ll o^Bfol:^ o^j 
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DNA 311^>^<g PGR ^ #^^#5] ^o] ^ c>}7}S.^^ ^ ^7l<^^ 

<16> £ 16^ '^y]^^'^ DNA GREEN S^iS'^>t31x:]-o1:e s.^]^ ^^ji^^^^^^^o]^ 

^] DNA PGR «]:-§- ^ ^'=>1 ^ ^j-yj-^i ^ 

<17> £ 17^ 3' DNA GREEN S^^Xc>]-t31t:]-o1:e s^]^ jl^#3lliBfol:Bofl tfltb 

PGR^t-g-^ ^« ^^1 ^ ^^1-71-5-^1 ^ ^7l<^^ M-Bf^flc]-. 

<i8> £ 18^ •y^^^CS'-'^^^ 3'-^^) DNA GREEN S^^Soj-nltq-o] e s.^]^ #e]JiTf 
^efl^Bl-olxroll Tzfl^l- pGRtilr-g-^ ^^1 ^ '^1-71-^^ ^7l^^ 

<19> ^ '=>1^M-^^ ^^<^] <^B]^^i^]'^]^S\B.S.^] %%^<==] ^Bi^^jo] 

^ ^^^S.(intercalating dye)7> S^l^ ^s^JlTf^efl-S-Bfo]:^^ c:>l-g- 

<2o> €7ll^>xl <^B^^ ^efl5] ^^jLi -Sifl «]:-§-(Polymerase Ghain 

Reaction, o]^- PGR^je^- ^S. PGR o]-7l-S3 ^oflA-] 

^sl^l^ PGR AV^^ ^^SH -^^^ a.7loil 1?]:^ ^ SiSi 
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^^§>7-m- ^^^^S. S-S.:^^ ^}'^^}<^ ^i^l-^^^ (southern blot 

analysis)^ ^s3§H'^> '^l ^-f ^^Hl -^^1^^.^ ol^ofl 

^oiAj:£ ^o]^ ^ ^^1^, <=>]^]^ ^^^^^^ 2 i^^^l s-a ^i^^ 

^ojAjoil ^^l-cx^ HS-W. ;i^oil ^At!: ^^"^^^ 

(stringency)!- '^^] ^^^S. S^^M'='> '^l 91'^'^. 

<2i> tcl-e^A-l, o]^ 7l-xlji (end-point detection)^ 

^ sflAvo] ^^^^ 711 ^§1-31, ^^1^ A>-g-^^s>^ ^^§>ji 

^^^£71- PGR ^3l-€- ^7l 711^^ 7l#c:>l 4^^, ^Al^ 

<Sill i^]:^(Real-time PGR) ^1^-. PGR ^J-^^^l 7}^]^ ^1-^^ ^ 
^ol^^ o;[7ll ^^Sfl^flfe ^<^1 ^^n^ 7l^^ ^7>*b PCR^ ^ 

^§1 tiJr^Sl^ ;,).:^g].§l.j7, s.^ ^^1- 711 <y 71-^^^^ #0=1 ^ozf^ o.^ 

^^^el-Jl A]^*)- ^j7|.^ .^i^dl ^Sl§>7ll Al-g-£lir «J-i^'^lcl-. 
<22> ^Al^ f^^l-S.^ <Sill tiV^^ *>7l ^SflAii^, ;5ix^l ti>-g-^ ^%^}7] ^€rH 

B^XBl 'gS^ ^}%^7]] BlSBl^ A>-g-*>^ «c}-^^l ^-Bf til ^01 ^01 

7l£ §1-31 ^ol^ol7l£ §>cl-. ole^^ <^S^ Pll ^7lT^>i::l- 

01 ^^^6\] XX\.^ alB|l§><^ #7l-§l-7ll ^Cf. S7Hlfe #71-71- ^l-^l Si 

^] Ol-q^l-xln]-^ cg;^^ olAj-o^ ^3^0] ^SjSl^Ai ^^^'^l tijS-h 71 71 
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^] ^^^]^y] ^l^W. <^]^7\] ^x-l ^i-x] 7>^ =7^$ (background level )^ 

# (threshold cycle, C(T)))s1-ji ^v]-. 

<23> 2,7]^2] S.li(\og)^s]- ^A]^ ^^3L^ ^^-<^ 

? SBAl-o^ S7l^^ olp] <^ji ^IS^ <^l-g-§H a7l^^ SZLiir^f ^7] 

<24> ^^l:?> PCR^ q-O,^ ^l^^l #7l]§>fe 

^ ^1^^>^ ^^fl^V^l <^3^^ ^Efl5] o.^^^ HS^S Taqman 

chemistry(Holland et al., 1991, Proc. Natl. Acad. Sci . USA 88:7276-7280; Lee 
et al., 1993, Nucleic Acids Res. 21:3761-3776) ^o^^^ , Molecular Beacon(Tyagi & 
Kramer 1996, Nature Biotech. 14:303-309, US 5,119,801, USPS, 312, 728) , 
SYBR Green I o]^7}^B\ mk^] ^l<^#<^7l-^ ^t-^^ a] ^t( interchalat ing 

agent)# <^]-%-^ «o^^ , n^Ji 91^ ^^^^ <^l-g-^ ^^^Sj- H^w. ^^"^ 

(USP5,210,015) #^1 9X^. 
<25> SYBR Green I, Foerst 33228, ^iH]^ w.ST^>c>lS.(Etidium Bromide(EtBr)) 

-g-^ SYBR Green ^1^71-^ DNA<^1 ^^*>^ ^^lo] ojo] ^^i^ 

^ ^^§>S.S Bf^ ^1^71- o}^^ i^o^oj Aja^l ^-g-^ 

80-8 



DNA7> ^^§1 ^S^jsl^ <a^^^l<=^l^i ^^1 ^l^^^M ^tfltlrS] ^In^^ ^ 

<26> neiM-, til^o]^ ^o] ^o] A^7^x\ ifl nel-^s. 

i^ol37l- ^1^71-^- DNA<=il51 ^>a:€:l-iL^ ti]:-§- ^oH^r -§-Sfl 

(melting curve analysis)^ z| -g-sfl ^£(Tra)# ^^§><^ 

(Higuchi.R., Dollinger.G. , Walsh, P. S., and Griff ith,R. 1992. Simultaneous 
amplification and detection of specific DNA sequences, Biotechnology 10: 413 
, Higuchi,R., Fockler,C., Dol 1 inger ,G. , and Wat son, R. , 1993. kinetic PCR:Real 
monitoring of DNA amplification reactions. Biotechnology 11:1026). 
<27> ^ "c]-^ ^^"^^S.^ TaqMan^ '^l-g-tt ^j-^^CTaqMan chemistry)-^S.7.i , o]^ 7]^9] 
^^Jl^ "Sifltilr^i^ -^^1-^>M- 5' ^ia:<^lfe x^-oK reporter dye;6-FAM, JOE, 

VIC, HEX, TET, Fluorescein, Cy-dyes)# ^^iJl, 3* ^^<^1^ 
(quencher ;TAMRA)# ^91 TaqMan S-S.:^^ ^}-^^}^ '^7]^'\ , HSJ^o] 

3' ^1-^5] $X^S.S. 3' wj-^^ DNA ^^^^ vi\-^A\ 

'^^^ ^ x-ll^lHjti. Taq^ 5' Tr#s]ci>x-ll 

(Applied Biosystems, Foster city, CA, USA) DNA DNA<^1 ^ 

^^^^^ ^^51^ 91^ s:>^(downstream) DNA# ;^l7-1§>^ 7]^^ ^v]-, Taq JL 

4^^^ §>-^ DNA ^ 5' ^^<^1 o]^7l-^olo] o]: e]-TJ^ Xaq^ 
(upstream)<^l 9X^ ^^^^^ DNA^ 3'-0H<^l ^^^> ^^-(Livak,K. J . , 
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J.Marmaro, and S. Flood. 1995. Guidelines foe designing Taqman fluorescent 
probes for 5' nuclease assays. Research news. PE Applied Biosys terns .Foster 
city, CA). '^7l<^lA] H5l-<^H5.^B] DNA ^^^^1 ■^'^M-^l Taq^ 5' Tf# 

^o}a]] ^sfl ^3]M-7l-7fl ^cf. o]^ ^il7l (Fluorescence Intensity: 

FI)^ ^S.^ '^^] ^1'=']^ 7ls](R)^ e^-^l «]:til^l5r>Ti^ HS.:ti7> 

1^71-71 ^o]]^ ^S.^ ^o]^ ^l3Z.^ol ^o]^ ^]^^] 

(Fluorescence energy transfer ; FRET) ^sfl S^w.^ 5' ^^'^l 

A. 

<28> ^^51^ DNA^ '='^^] ^§1-711 til^l§>6^ elSBl 1=1-<:>1S.-^B1 

§1-711 Si Til mk% ^7\7\ ^^^^ «11 «!: ^;<1-^ ^SlJl TaqManH 

^^§1 ^Sll«llAi SlSE^ Cl-Ol^ T^^^^Hl^l ^§11^1 71 Jl El-^ Ai^^ Sl- 

^§1 ^^Al^lTll ^T:q-(US5,763,181 US5,691,146 etc.). 
<29> TaqMan ^.j-g-^l-^ 7l^Sl ^ §>^1 '=>M§>7l xifl^ 

oil HJl:E.ir 1: ^ a.7Hl ^jife ^^m, ^^1^^<^1 1^11^ TaqMan^ 

<^l^^l-7i ufl^oii 3^1^ ;^^:£oj 1^ y>-g-o.^ Ai<g sj-oi^v ^ 

Als # «n^5l <^J:^ ^^^s:>7ll ^ ^i::]-. 

<30> nem-, TaqMan HS^.*! ^i^]- a] ^c>l:£ 20 ^§71 o]4> ^oi^i <^7lA-1^^ ^ 

SljL^#5ll^El-olH.# Al-g-§>S.S 7-1 si 71- ^m^M ^^>3L 

^1^*1-7171- ^^Ti^ Hl-g-ol ^ol H-^r T^t^^l ^icf. 
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<3i> IE §>M-^ Molecular Beacon 9X^^ 

o]^ ^o]^ DNA A-1<g^ y-Aig-j-T^q- #6]-^^ RNAS- ^^l§>feiHl Al-g-^x:!-. 

Molecular Beacon H^a.^ §11^^ JiTf#sll ^.h^-o]:^ H^a.^ 3. 

i^^(stem) H^w. ^ils] ^ofl 27112] ^i-i^oi ^(arm)7.i<i^ ^H^^ 

(anneal ing)7>l^A-] T?]:^c|-(Tyagi ,S. and F,R, Kramer . 1996. Molecular beacons- 
probes that fluoresce upon hybridization. Nat. Biotechnol . 16:49) . 
<32> Molecular Beacon H^w.^ 5' '^^^] ^^5]^ ^S.^ ^^^-^11- ^^}^^ eflH. 
(Texas Red), S.^^ 5]l:^(Rodamin Red), ^IS^I ^^l <^(FAM) , ^1 ^^^(HEX) , B] 

'^IBKTET), <^-$-'^^(ROX), B]ollol.^<^oilo](TAMRA), l-^^^llxfl ^(Fluorescein) , 

(Oregon green) ^'^]^^ ^^^■5l, 3' aj^^ €^-1^ 

DABSYL[4-(4'-dimethylaminophenylazo)benzoic acid])^ ^l^^^Sl-^ 

^2^^ -^^^ B^SBl Cj-ol^V i:^<^l7l- A-IS. 7K>0- 

^^Hl Xi-^^^i €^-1^1^1^ 7l^^ ^r]-. Molecular Beacon<^l 

H ^i-(arni)^i1 n x>xfloil oj^fl ^^^^ S>olti.s]=^x:^ ul ^oly]- ^jl 91 

<33> ne-iM-, 4>7l ^^^o\] o^^}^ ^'^ISX^ M]S. ^^^] S.S.:^^ Bf^ 

s^l-o] tLe^H-l- ^s^^l-^t-ll ^1?} ^l-T-^e1-(Matsuo,T.1998. In situ 
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visualization of messenger RNA for basic fibroblast growth factor in 
livingcells. Biochira. Biophys. Acta 1379:178-184), HS-J^o] y^o^s. ^<^S. 30- 
40 <^7lAi<l^ A^S>S.S HSti.o^ ^]^<^] ^Jl til-g-'^l ^'='1 

^1 $X^. 

71- A>-g-5l^cfl 27fl5l ^^5]^ DNA ^^^Hl^i A-^ ^ c]] §1]:^ 

-^-Bfl<^ ufl^l (head-to-tail arrangement)^, ^^^sj-^ 9X^^■ ^^l'^^'^ 9X 

^^^1^ «j-Al-^(emission light)^l n^-g-^fl^ <^ 7] ^(excitation light) 
o.^ 3|-g-^ ^ Xic]-. ^, e^*!: ^ci^^^l ^^<^1 ^Sfl <^7]^^ <=>11 

Uixlofl o^Sfl ^^xfl ^^o] i^^l-Tll zi <y=^ ^1:011 HiLti. 

DNA^^l^f ^«a'g7l^oloj ^■o]6\] A>^^i::l-(USP5,210,015). =1^]^, ^ «o^^ 
^ S5l-olT3]7l- ^^^o.^ 471] 71- A^5]S.^ 3]-^^o] ^^^-JL, ^o]A^ 
(specificity)^l ^^l^^l $i^(Heller, M.J. and L.E. Morrison. 1985. 

Chemi luminescent and fluorescence probes for DNA hybridization, p. 245-256. In 
D.T. Kingsbury and S. Flakow(Eds . ) , Rapid Detection and Identification of 
Infectious Agents. Academic Press, New York). 
<35> ttfel-^i, ^^^> ^^(gene copy assay), ^^^>^ 
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(genotyping), Ta^-PCR(immuno-PCR)<=Hl^i ^^^-^ ^-c]- ^^§1 91 

^ 7l#S-Ai5] ^^jL4l ^ifltit-i-^ ^# «ol-^ 711 ^oll tfl* ^-S-^d'^'l 

o]^ ^o]A^ ^1-^^ ^^-g-^^A^oj o^<y:A^o^ ^^Mr SEfl^^ ^^7} 

intercalating dye)7l- S^l ^]^^ jl^#efl^B] c>l 

;^1^§>^ ^^m. 

^^^( intercalating dye)7l- S.^] jL^^sfl^EliLl- S^w.^ o] 

intercalating dye)7> S^l ^1^^ jl^^^fl o_h]:B# HS-^-S. ^^-l 

<39> ^J-71 ^ (i) ^ M-^^ ^7l Ai<goll ^j-i^^ ^i^S- 
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^ ^^S,^Wr ^7H>fe ^^1, (ii) ^^y] ^<U7}^o_s. ^, 

(iii) (ii)<^l^i ^^^Sl-^ ^^^^jL^il- ol^^j-c^ ^^^1 , 

(iv) ^1^1- ^^d7}^^S. ^51^1^ ^ Aj-7l 

^ (v) (iv)<^lAi ^^^5]-^ «n^<^lA-l ^E^^eflol^o]] 

M-^M-fe ^^^^ ^^^^Vfe s^^l-fe 4^1 «<i-^# ^1^^ 

<4o> ^ ^^ ^A]] yj-i^^ zvz]- x^]i^s^j7^^efl o,e]-o1:e.5]- ^■ii2^e|ji^# 

<4i> ^ i:]-^ ^a]^ (i) B]-^ s^AVo^ z]- q-^o^ A]^oil 4>:a.a]oi <^7l 

m ^^S.:^^ ^7}^}^ ^7]], (ii) ^^7] ^^ ^<a7l-^=]-^S ^, 
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(iii) (ii)^i^i ^^jsi-^ ^^-ir ^^ ^i-§-§>^ ^^i§>^ ^^i, 

(iv) ^^-11 € ^^7]-^^^ ^el^m ^ 4>7l 

^ ^v^l, (v) (iv)«^l^i HSja^q- ^^^Sl-^ «^^<^l^i ^^^^o] oiBl^eil 

o]^^c,\] o]^yo^ 14^14^ ^^^^ ^^^^>^ ^^11- x^^i-^ ^^ 

<43> ^ ^^<=^l^i, 4>7l ^^^S.fe H^ti.^ 5'^^, 3'^^, ^7lAi^^^ 

^^ S^l^xrffe ^^Ife ^^'^S.71- HSti.ifl^ ^7lA-1<i5] ^7l tflAloll AV<y 
^l«:5lfe ^^IW. 

<45> 41-7I ^% HS-ti.^ ^^^51- ^^Ife ^1-71 psfli ^e]3i^#^l^Bi:B, :£fe ^^112 
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<46> ^ Sl (i) H]-^ Z]- 14^5] <^7l Ai«goll 4>:g.^Ol 

^d]] ^^^2i]]o]^Z\B.S.^ m%^<^] ^Sl-§>^ ^7] V]-^ ^%^S.7} SX]^ x-113, 

^^^m ^7m^ ^711, (ii) ^1-71 «fl>a: ^<U7}^ 

^S. ^^^]^ ^7] m ^1 2 #BlJl-^#^lo.B]-<:,lH^ (iii) 

(ii)'^lAi ^l-g-§><^ ^^-11 §1-^ (iv) ^ 

^1^ ^-^dyM^s. ^s^A]^ ^ 7^11 w 7-112 lisiJL H^y.^^ 

*^jSl-«:>^ ^^1, (v) (iv)<^l^i ^^jSl-^ «^^<^l^i ^^^S^ ^Bl^ell 

o]^6\] o^srH ^^^^ ^^^^ ^^^^>^ ^^ «c^-^ 

<47> ^ a (i) Bf^ SflAVo] ZV q-Alo] <g7l Ai<gofl Aj-^g^a] O] cg7] 
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^ #^3L4i# ^7>§1-^ (ii) ^1-71 ^^ X\S.mr ^^71-^0.^ ^, 

(iii) 41-71 «!^# ^^Jl4i# ^^-11*1-^ ^^1, 

(iv) ^<a7l-^^^ ^S^Al^ ^ 

^ ^^1, (v) (iv)<>ll^i ^^jSl-^ ^^^oflAi ^:^HSy.5l ^tb ^^'^S^ 

olEi^ 5)10]^ oil o^^-c^ M-B^-M-ir ^^^# ^^m-^ '^^], (vi) ^Tfl (ii) 

^1 (v)# ^^51 1S| ^14> w]:^ ^^1*1-^ ^7^1, (vii) S7l^# ol^l ovji 

x\s.S. 4>7l (i) iflxi (v)# ^^S^>^ ^7l^^ sn^^i- noil sfl^^V^ 

^^1^7] a^^^^^# ^711 ^ (viii) ^1-71 ^711 (vii)^ K^^^^ 

^o. oj-g-^l-oc^ ^711 (i) (vi)^lAi ttTfl ^7lS^Ei T^lxlAjeo] «fl 

^71 ^^^*>^ S^^V^ ^la tfl^l SflAV ^7]^ 

^, ^7iAicg ^^Hi ^, 5' ^^^f 3' ^^^'^] a^m ^, 

<49> ^ ^^^l^i ^711 ^7l (threshold cycle, CiT))^ 'U^^ 
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^^JSlig^i ^^^^1 ^^-1 ^^1 7>^ (background level)^ ^'H^i^l 

<50> ^ ^^<=^l^i, linearity, R_2)^ ^7]^^^ S-Hilog)^^ 

<51> ^, «flA]-o^ ^71 ol^l c^jl A] soil ^ ^VT^o^ SflAV ttj-i^ 

^^^H *7jl ^7l# T:fl<y§H ^l^l^m^ ^7l^^ 

<52> a*!r, ^ a i) z]- q-A]o^ cg7l ^il^fl ^i-:a.^o] 

(ii) '^]^7}V^2] ^^d\] ^^^^^]o]^S\B.S.^ ^^^^1 ^3l-§>fe ^^<gS7> S.^] 
9X^^, 7-11 1 #Sl31^#^ll o.Bfol:cs^ ^1 2 #BlJL^#5fl^Bfc:>l:c^ h 

tq-o]^^ §H ^oi-7i ^tii^i^ ^^ 7}^o\] ^i'ss 

^•H^ S-S.:^, (iii) ^^ ^^S.^, (iv) Tf#5fl^ElH- a^s:>^ 

<53> <^7i<^iA-i, ^1-71 ^^^s.^ m^S-S.:^^ 5' , 3' <^7lAl<g ^^-^ 
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^, 5' ^^^f 3' ^ <^7lAi<l ^^oll ax]^ ^ollAi ^^§><^ 

<54> ^ a x:]-^- (i) z]- M-^^ A-i<toii 

^9]. ^] 2 #S]J1^#511 ^.E^-o]:^, (ii) Aj-71 ^1 1 ^2^37^^511 O^H^o]:^^ ^12^ 
S]jl^#efl He^-^HS. ^-^^ -^^7] Bf^ «n^^S.-^Bi ^^ 7} 

^14 ^%s.s.:^, (iii) «]^^^Jl4i, (iv) Tf#^l^^:^ ^^^11- sWfe 

<55> ^ ^^c>ilA-l ^^^^^ ^B-l^s^jo]^ ^^(intercalating dye)7l- ^>-g-5)Ti^, o]s. 
^ J:S-t:fc>l^(Acridine homodimer) ^ ^^l^] -^£^^1, cil-H.^)^ ^ 

^^KAcridine Orange) ^ <^1^ -n-^^^fl , 7-'5l-uli^^Eli^n>oiAi 0(7- 
aminoactinomycin D, 7-AAD) ^ '^'l^ -n-S^-fl , "5flE] i^Tn>o] a] D(Act inomycin D) ^ 
<^]s] -^£^1, <^1<^1^1<S'=^1'='1(ACMA, 9-amino-6-chloro-2-methoxyacridine) ^ '^]^ 
-^H^fl, T:qo]loiTt]ol-o](DAPI) ^ ^15] -^£^1, c^§>ci]:c^oilH]#(Dihydroethidium) 
^ -^£^1, o]]^^ W-ST^>^l:B(Ethidium bromide) ^ '^'l^ tt^^ , '^]^^ S. 

S-T^oju^-KEthD-l) ^ <^1^# ^ST:^6H-2(EthD-2) ^ 0]$^ 
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^S.^], ^1B]# 2.i^6>xf«^l:^(Ethidium monoazide) ^ '^]^ -^S.^] , ^>^1 
^i:l-olH(Hexidiura iodide) ^ ^1^ -n-H^l , til^^ii]lxlTn].o]:c (bjsbgn^iraide, 
Hoechst 33258) ^ '^l^ , 33342(Hoechst 33342) ^ <^1^ 

-^^n], ^^IH-^^S 34580(Hoechst 34580) ^ -^-£^-11, y]-^! 

la(hydroxystilbamidine) ^ <=1^ -n-S^l , <Si:]<^l^i 751(LDS 751) ^ ^1^ -^£^1, 
H^Tiju^-o ol-ol^i::]-ol^(Propidium Iodide, PI) ^ ^1^ , Al-o]i::^o]^^(Cy- 

dyes) -^S^ill^ '=>1^<H^ ^'^l 4^^*]-^. 

511o.b1-oi:b# H5l-^HS §><^ 5' 3' ^^7l <^7lAi<l ^^-^^ ^ ^ 

^^^^ e^^A]- tiV^-g- ^#5ll^B]-ol:^ ^^^V 

jLdi ^ DNA ^^iLdil- ^-^§>^ ^^-g-"2!]<^l ^^ ^]S.^ ^7l-§>ir ^7^1, (iii) 

^ cDNA# ^^j^>^ ^^1, (iv) ^>7l «fl>0: ^^71-^^5. ^, ^>7l 

^11 #el3iTf#B^l-2-^^l:^^ 7-11 2 #elJiTf#2^1-$-^^l:^# ^^^Sf^l-fe ^Tfl , (v) 
(iv)<^lAi ^^jSl-^ ^l-S-^><^ 1^711, (vi) 4 

711^ ^^ ^lai- ^<a7V^^S ^Bl^l^ ^ ^7] ^]l^^ji2^^^]j^^.o]B., ^] 2 
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^ H^w-l- *^jsi-*>^ ^^1, (vii) (vi)<=^l^i ^^^si- 
^ «nA]-oiiA-i ^^<^so^ ^Bl^efloi^cil o^^yc^ M-Bfq-^ ^^^^}^ ^^1 

<57> ^ 5£ (i) SflAV^ 14^0^ <^7l Ai^gofl cg7l 

^1 2 ^5lJL^#5fl^Efc:.l:B , (ii) /^l 1 ^el31^#5ll^Bl-o]H-5l- ^] 2 ^^JL 

Wsfl-i-Ef'^lS-l- He^-olplS. ^}<^ 4>7l Bf^ SflA>o.^a.E-] ^^ISl^r ^^ 7}^d\] 
^i'gS. '^l^^^H, 5' ^1=3:, 3' '^7lAi<g ^<^£ ^ 

^ ^ ^^^], ^1^7>^ «n^^l olBl^ 51101^515.^^:1 ^%^o] ^51-5:1-^ ^%^S. 

7} a^m H^ti.^, (iii) ^^^io_Bi-oiH ^^^m, (iv) ^^^i-jL4i, ^ 

(v) DNA ^^Jl4i# S^§>^ €fl^ ^l^^^S^I ^^^€^1-. 

<58> ^ ^^-^l^i ^^Af jL4ieJ RNAl- ^^^S. 5^1-<^ DNA# 3Ldil- ^ 

^ls:>Til, RNA 51 DNA ^^JL^(RNA dependent DNA polymerase)5l-Jl£ ^i^. <^1 
jL^ife RNAi^ DNA( complementary DNA51- §H cDNAS ^^7l^)# ^^j§H, 

#<y=# <go.7ii^ RNA Hl-ojei^^ o] til-oisl^^oil y^^^ ^il^oiiA-l ^§l 

^^^T^. ^Ife mRNA^l] tfl-g-^lir DNA(cDNA)# ^^-^^^1-71 ^^7.} S:^^^d]]^^ 

A>-g-5l^ Jl:1i<^1i=1-. ^ 1:^51 ^^A> S-diS.^ vi]-^^^}7\], MMLVCMoloney 
Murine Leukemia Virus) ^ ^'*>l-::£:^i , AMV(Avian Myeloblastosis Virus) 
•^^AyjL^, RAV-2(Rous-Associated Virus Type 2) ^^^1- jL-h, TTH(Thermus 
Thermophilus) ^^^1- S-ciiolrl-. ^ i^x^o^jAli^ ^baj-o] RNA<a ^-f<^l^ '^^^i S. 
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di^ ^}-%-^}<^ cDNAS ^^^^ ^ cDNA<^l ^H^s] jl^#5ll^B]-o]:=5f ^] 2 ^ 

d\] sflAi-o^ (homogeneous ly)-^5. ^ ^#^>JL ^^^^ 

sBAj-oi] 77]o] ^c>]y^o_s.^] «J-#*>^ ^Bl^ 311 intercalate) ^#^1 

^§>*^ DNA tij^l^o.^ ^%o] §1-711 ^^o] ^s.^ 

^ ^711 

<60> ^ ^^^-S-(in vitro)<^lAii4 ^^^fli^Cin vivo)<=8l^i 

DNA^ RNA ^^$] x:l-<y=^ ^Hll# 2.i^Bl^§>^ «o^^^S <^l-g-€ ^ 91^^^^], 

^^JLi <aifl ^-§-(PCR), ^^j5j-«]:-§-(Hybridization), el-<^l7llc^l^ 
(ligation), ^^(cleavage) , ^ll2:^(recombinat ion) ^ (synthesis) ^1- 
■L^el-, ^7l>|^ (sequencing), ^«^1 ^#(mutation detection), ^ ^£ , 
DNA/RNA ^ ^^^-g- wl-'=>l-2- (biosensor to assess the concentration of 

lead, DNA /RNA, Protein) ^*H1 ^-g-^ ^ 9X^. 

<6i> oi5r> ^ahi# %2^^■<^ ^ Hv^^tt ^^Hi# ^^^1-^1^, ^ ^^'^i ^■y] 
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<62> ^M<=^] 1. 711^ DNA ^# 

<63> AccuPrep? Genomic DNA Extraction KitC^jwj-ol^^ol-Al-)^ oj-g-^l-o^ t=><^1 
^«]-BllB]-g- wll-^ A] (Mycobacterium tuberculosis) -^sfl^ 7\]^ DNA* ^--g-^f 
^'^'l ^#^>^i^. ^^(7>5fl) 5m£^l -$-7l-5]-(0gawa) wfl^KSOOm^ ^13:^1, sodium 
glutamate Ig, KH2PO 4 3g, 100m£, chicken egg 200m^, glycerin 6m^, 

malachite green 2% -g--^!] 6m^)oflA-] u\.^ ^^^^ ^^"Si] (TE(8.0)) Im^^f 

300i^S] SS-Bflolcflols 711 ol (Proteinase K, 20fig/id)7} ^91 ^'H^ 
Jl, ^Sfl ^^^(lysis buffer ; 4M Urea) 4m^^ x^fA] ^c>]^jL 65°C<^lAi ^ 

<^^^^i 20^^<a: «j-^m ^, ^^71011 (binding buffer ; 7M 

GuanidineHCl) 6m£* ^Jl esr^ll^i 41 ^^^^i 20^^^ «J-^l*!r 4^, ^^l-^l^iHS. 
^^(Isopropanol) 2.75m^^ ^JL ^'^^ ^, 2500rpm<^l 5^ ^91 €4]^^^>^ 
1^. §>M-^ (column)^ ^i-^-^n^ -^s]^-^(glass filter)7> 

^}9l^ (binding column) -^.a (tube)<^l ^JL, 12 , 000rpm<=Hl 
el^M A^]7^^■Jl, o]^ 40] 23-2^ ^^ofl ^^on Kwashing 

buffer I ; 5M GuanidineHCl) 750ul# ^31 12 , OOOrpm^l a-] l^ ^oy ^^^^^}c^ 
-g-#^^ ^]7j^}^ji, 4^1 ul-ol^ ^^(binding column) ^^-Ctube)-^! M]^ 
^ iKwashing buffer II ; 20mM NaCl) 750ul# 12,000rpm<^lAi 1^ ^91 

7l 12000rpm<^lAi 2^ ^9} H ^^^^^7} ^<^9X 
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^ wV^^ 1.5m£ -^w.(tube)S ^, ^^^(elution buffer; 

lOmM TrisHCl) 100 fd^r ^^^31 ^l-^-^l^i 5^^9l «j-^l§>^T:^. i::!-^] 
12000rpm<^lAi ^4]^s]§>o^ -^-#"5"^ ^n^*>^^-. 5]^^ DNAfe ^^Hl 4 ifl 

<64> -^T^HI 2 DNA green S^2SQ>Ti]T:^o1g. 

<65> -Dl^^^l 6348596, -dI^^^ 6080868<^1 ^1^1^ "J"^^ ^31 t=1-^ l^f 
^71- Siio]-Plc]-olE^ ^ i^t^t^lA-] DNA GREEN S^Scij-Til o] e x^^y 

^31, ^eljL^#2ll^Bfol:E. ^^jAl ^§1-^ ^^]6\] §1-71 S^^l 

1] 




<67> '^7HlA-l n ^ 2,3,4,5 '^iJl, Ri^-CHs, -CH2CH2CH2 OH , -CH2CH2CH2CH2CH2CH20H , 
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-CH2CH2CO2H, -CH2CH2Br ^131, R2 ^ H, OH, N02'=>li=l-. CEP^ cyano ethoxy 

phosphoramidite, DMTfe dimethoxytr ityl# M-'Ef^I''^. 
<68> ^A]<^] 3. ^g^-olpl ^ Sg.:^ tqx>ol 

<69> ^ Hel-^H ^ ^IS^V^t^l ^<H^i, T=>c>is«|Efle)-§- ^ 

Hll-S A] (Mycobacterium tuberculosis)-^5fl^ rpoB-^^^V^l tfltt ^7lA-]<g^ a} 

ti]^ Ti|^><^m2.1(Beacon Designer 2.1, PREMIER Biosoft Internationalize!-^ 

^T^i^ 8 i^^l 17, ^it^iS. 19 i^^l 22). o]o^ ^az}-# a loll i^-Efifl^irf. 
<70> §1-71 S 1^ A-l<gwi^ 8 ^^1 12^ S'^^^l DNA GREEN S^Sc^I-pI cl-ol^S 

^^HS-ti-Olol, ifl^ «J-^oil ^71^ ^^>^ HS-ti- ^7lAl<g M-Bl-^ ^o. 

<^1# #1^, 29 ^ A>-g-5l^ ^slj7^#5ll^Bfol:^ ^7]^^'^ 28 yfl^l 

^i(base)<^l 5'^^^1 DNA GREEN X^iSc^>t31c1-'^1H# 1 ^7Kbase)^ ^^tt %■ 29 
^7l^ ^5lJi^#5ll^Bl-oli^ ^7lA-l^ ^ol^ ^i^ST^i^ 13 i^^l 17^ 

^y]^^'^ #^^1 DNA GREEN S^iS^l-T^lirl-oi:^ =. b]-^^ -^=s]jL^m:^]^^'^]B.o]x^, 
ifl-g- %V^oil ^71^ *^>fe ^ol^ q-Bf^ ^-^S, c^l# 28 

^ Af-g-sli^ ^elji^rf^ell o_Bl-ol:^ ^7lA-l<g 28 'g7HlA-l 3' igr^i-oilA-l ^1 

10«i^ll ^7l tfl^o^l DNA GREEN S^^S-^H ^-'^'ISl- 1 <^7l^ ^1 
^§>6^ ^ij^ # 28Wllc:>l>i^ #BlJl^#5ll^El-ol:= <g7]A-l<g ^o]^ ^ T^l §>H , 
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21^ 3' DNA GREEN 5E^^3E^>t^1x4c] S.^]^ jl^#5ll^Bfo] 

^'^M, ^-S- ^J-^-^^l ^^}^ <^7]^^'^ M-B^-vfl ^o.^, 

<^11- 23 ^ SS-ti^ A>-g-5]^ ^elji^eil o.b^-o1:b <^7lAi<g 22 <^7l 

(base)<^l 3' 'ir^'^l DNA GREEN S^a^>^l 1 ^7]^ "S^srl-c^ ^^^j^ ^ 
23yflol^i^ ^s]3i^#5ll^Bfo]:c ^71^-1^ ^o]^ ^i'i^s 22^ 

5'^^3zf 3"^^ ^^^1 DNA GREEN 3E^^So>t^1x:1-c>1H^ S.^]^ ^s] o] 
^'=>]^, ^-g- ^l-^-^^ll ^7]^ ^^>fe S^ti. ^7lAi<i ^o]^ i^Bfvfl ^o.^, <ijl# 
^1^, 24 ^ Af-g-Sji^ ^SlJlTf#Sfl o^BfoliL '5^7lAi<i 22 ^^7lofl 5'-^^ 

2j- 3'-^^c,11 DNA GREEN phosphor am idite# 1 '^71 ^^^^H "S^^ # 

<71> ^c^'l^ «]:^^ ^«fl^ife 271] ^Bl3L^# 

efl o.B]-o]^7]- ^A§>Tt|, o]^ forward) H&l-^lol^ si ^^(reverse) S.^<^] 

^^5L ^t]-, ^}7] S. l-^l^i F ^ forward ^ s^tiIoIji, reverse'^^ ^T^ltb 

i^^^l 4 nelJL A^cgwij: q 7^ A-i<t«i3: 19 i^^^l 20# seV'^'H^ ^l-S-^>^^. 
<72> n^jL >l<gtti^ 8 i^^l 17, ^l-gi^i^, ^l-t^^ 21:4 22 ^ ^>M- 

^ 13 ifl^l 17^ ^7lAi<to] 3- igr^ioiiAi Alx]-§]-ci^ 10 <^7]o\] ^^^S.(DNA GREEN 
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Ib-^Hl M-B^-id: H]-^ ^cf. ZLeJji, A]<gwl^ 21^ 3' ^^-^^<^1 DNA GREEN S.^S.<^} 

r^]v]-o]^S- S^ll- §>7-m- 22 ^^7lA^<lo^ 5- 3'^^ 

DNA GREEN phosphor am iditeS §>3i ^^^Ife DNA ^^^i-<^l^i ^^S-^ "^7]^^ 

<73> ^^1^ PCR^ z]- A>ol^oilA-i ^o_^ X\S.^ ^^fl§>fe 

^^fl^M #Efl^ yJ-i^o.^ir TaqmanCHolland et al., 

1991, Proc. Natl. Acad. Sci. USA 88:7276-7280; Lee et al . , 1993, Nucleic 
Acids Res. 21:3761-3776), Molecular BeaconCTyagi & Kramer 1996, Nature 
Biotech. 14:303-309, US 5,119,801, USPS, 3 12, 728 <^l-g-§>^ w]-, a 1^ 1 
^S. 5 Molecular Beacon ^-g-^ SS-^olxi[-. 

<74> §>7i a 2^ sj-^Ti ^ jl-^^ 

(excitation) s|-^tf| (wave length) 5^- <^ 7] (emission) s[-^tl] (wave length) # ^j-^lJl 
^Jl, S 2^11 ^^Ife sl-^tfll- ^Tij^H, o]d]] 

[SL 1] 

<75> ^e|3LTf#5l1^^'=>l:^ 



^ J: 








1 


Hel-oiT^l Fl 


5' ast sea aas aca ass aca tsa-3' b^-tji ^ai- ^^ji 


2 


He^-<=>1^ Rl 


5' ttc tcs stc ate ate rrr aa-3' b^-:^ ^^i- ^e^ji 
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3 


He|-<=>H F2 


5' gat gtc gtt gtc gtt ctc-3' ^^M. ^#-8- B^-^l ^^ * 

si Jl 


4 




5' acc gtc tga etc ttg atc-3' t^^^ b}^^! ^^-g- ^e] 


5 


Probe 1 


5' cgc gat gtc acc gcc gag ttc ate aac aaa teg cg-3' 41^^ ^S-^, 5' sT 
Vi" Fluoresein labeled, 3'^^^ D^bcyl Ubeled 


6 


Hh]-o1ti^ F3 


5' acc tea ttt tea tsrt eee ste ase-3' Lambda lOObo ^^-R- S-^Jl 


7 




5' ssc asa set saa asa ssa set tsa-3 'Lambda lOObo ^^-R- ~i-e|jl 


8 


29 


5' *ec atg aac ace gtc tga etc ttg ate tc-3' 5'^^(*) DNA GREEN 
o]-Ti]x:^o]^ labeled 


9 


27 


5' *cc atg aac acc gtc tga etc ttg atc-3 ' 5 ' ^^(*) DNA GREEN S^^S^^}^^!^- 
<=>1J^ labeled 


10 


25 


5' *ce atg aac ace gtc tga etc ttg a-3'5'^^(*) DNA GREEN 
labeled 


11 


23 


5' *cc atg aac ace gtc tga etc tt-3' 5'^^(*) DNA GREEN S^^S<^>i^m-<=>l:E 
labeled 


12 


21 


5' *ee atg aac ace gtc tga ete-3' 5'^^(*) DNA GREEN Sc:^^<^>T3m-<=>l :E 

labeled 


13 


28 


5' cca tga aca ccg tct gac *ct tga tct c-3' Internal (*) DNA GREEN ^^^S. 
<^]-^]i^<^]:^ labeled 


14 


26 


5' cca tga aca ccg tct g*c tct tga tc-3' Internal (>) DNA GREEN S^^S^> 
^1i:L<^1:E labeled 


15 


24 


5' cca tga aca ccg te* gac tct tga-3' Internal (*) DNA GREEN S^ii^^^f^m- 
<^l:^ labeled 


16 


22 


5' cca tga aca ccg *et gac tct t-3' Internal (*) DNA GREEN ^^^S^^}^^!^-^^! 

H labeled 


17 


20 


5' cca tga aca c*g tct gac tc-3 ' Internal (*) DNA GREEN i^:ii<^>T=im-^l ^ 
labeled 


18 


D.G-ph-com 


5' ecc ttc agt ggg tac ttg tgg cag act gag aac tag agt ggc e-3' *S ^ 
-51 8^^1 17^1 tfl^l 9^7lAl^ 


19 


21 


5' caa sag tea sac sst stt ca-3'HL^ S-^Jl 


20 


22 


5' ttg teg gtg gac ttg tea at-3' ^s^ji 


21 


23 


5' tga ett ecc gat gat gac ega g*-3' 3' ^^(*) DNA GREEN phosphoamidi te 

labeled 


22 


24 


5' *tg act tee ega tga tga ccg ag*-3' 5' ^^^i]- 3'^^(*) DNA GREEN 
DhosDhoamidite labeled 



is. 2] 

<76> Sl-^^ 



Excitation (nm) 


Emission (nm) 


Recommended Fluoroohores 


490 + 10 


520 + 10 


FAM, SYBR Green I. Fluorescein 


510 ±5 


530 + 5 


DNA GREEN ^^i^<^1-t^1 i^^^l ^ 


525 ±10 


550+10 


HEX, TET. VIC, JOE 


530 


620 


EtBr 


560+10 


570+10 


TAMRA. Cv3. Rhodamine red 


585+10 


610+10 


Texae? Red, RQX 


625 


640 


LC640 


640 + 10 


660+ 10 


Cv5 


675+10 


700+10 


Cv5.5. LC705 
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<77> ^^Hl 4. DNA GREEN 3E^^3EQl-TJ]t:]-olH ^^1^ #^1 JI^#gl]^B]-o1^ 
<78> ^>7l S l^ll ^sljL^#5ll o.Bfo]H. s^A> 7] (Nuc 1 ei c Acid 

Synthesis System EXPEDITE, Perseptive Biosystems^V)!- ^^V^ ^)w1-^1-2.^^o1-a1-oi1 

*y:[Axima-LNR(Maldi-Tof), SHIMADZU JL^^} ^^^^7l# ^§>c^ ^e^ji 

^#Bll^Bfo]:B^ ^^>^# ^^§>^^-. ^^^1- ^^^^7l^ ^c] SH(Maldi- 
Tof, Matr ix-Assorsted Laser Desruption/Ionozation Time of Flight)^ ^ 

(depurination) N-1 failed ^s^jl, c.isl7l-xl ^^(modification) ^slJL 

^(modification rate)# ^^^^1 ^^^^>^ '^^]'^]^. 
<79> 5*^^ DNA GREEN S^^^ol-nltq-ol e s.^]^ ^e] ji^^efl^E^-oljE-ofl tfl^!: ^ ^^1 
<^1^ ^J-7l S lofl ^7-1*V ^s] ji^a.5ll^B]-olH. A-l<g ^oii^i ^i'iT^i^ 8 i^^l 12^1 

(8941.2g/mole)Jzl- ^^^^j^r ^;<l-^(8914.6g/mole)'^l -^^^^^ ^ 9X9X^ . 

£ 2^]^^, #e]JiTr#sfl o.Bfo]H.^ ^^l-^(mass)^ ^§Kcharge)S. 

M-^ M-^^fe^-ll ^^^tt ^slJiWsil^E]-oi:E.5l ^;^>^^ ^^^^>7l ^ 

^o]TJ^^ Y ^^^^ jL^#5ll^El-o]:c o] ^i-i(intensity)l- 100%^ 
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^]^}^, o] 2^ 9y^m <^m^i >s-Bfloi 71^-i^i-BfloiiA-i <^7]^ns.3] 

^«r^l, ^^-7} ^o^^il'H 27> o]^ s\B.S. 2S. M-^ iJ:<^l tfl^ ^ 

<80> ^7lAicg internal)<=^l cfl^t DNA GREEN Xi^^l-T3lx:fol;ESxlsl ^s^jL 

Tr#5ll^Bl-o]:c ^ ^Al<^l^ 41-71 S 1<^1 171^ ^elJl^H.Sll^Bl-ol:c X\<^ ^ 

6\]x\ x\<^^^s. 13 i^^l lyoflA-i §>i^-# ^}-%-^}%^. 

^ ^-^S., c^l^l-^^ ^^>^(6868.0g/mole)3l- ^^^S]^ ^x>^(6861 .8g/raole)<=^l 

^ ^^1^. £ 3<^lAi, ^^JSl^ #sl31^#5ll^Bfol:BS] ^ 

^>^(mass)# ^^>(charge)S i^-^ M-^i^^i^^l ^^5iif^^]^^ 

o]^o^ ^^f^^ ^^^^1-71 ^^'^ID^, Y ^^J^ ^S]31^#5l]^Bfol:E.^ y^^ 

( intensity)!- 100%^ ^r^i*}'^ M-B^vfl ^oji:]-. efl^ 1^ ^^j§l-jixl- ^^51 
Tr#5fl^^^l:^^ ^^>^^ ^^1*>^, ^91 2^ ^^^sl- ^m^l 4>Blloi 71X-14VE11011 
^^ <^7]^^nS.$] ^]^^] ^^^], ^^}7} «o^#5l<^ 271- o]^ S\B.S. ^^>^ 

^ 2S M-^ ^o\] rfl^t 

^■91^ DNA GREEN S^nSc^lPlirl-c.]:^ s.^]^ ^:s]5i^W^]^^^]^^ 
TlKSpectrof luorophotometer, RF-5301PC, SHIMADZU ^*><=^ «<}-#(excitation) 

^ ^^71 (emission) sf^l-tfl (wave length) # ^^s^l-^i::!-. 
<83> ^ ^^Hl^ 4>7l a 1 oil 17-1*!: #elJi^#efl^El-oi:= ^o]]X\ Aili^i^ 8 i^^l 

80-30 



17<^l^i ^'^S. ^}^-^ ^^^}<^ A]-g-s:l-^j7 , DNA GREEN Xr^3E6>Tilt:fol;E s.^]^ 
#Blal^#5ll^Bfol:c^ DNA <='1^M-^^1 ^Bl^5llol^£]ol ^^Je>^ ^ 

A. 

<84> ^^^^%£7]l(Spectrof luorophotometer)# «^1-S-^ DNA GREEN SiS«i}T3li=1-c>lH 
^slJi^#5ll^Bfo]:BS] ^ o^7l sI-^t:!]^ ^^§>7l 271] 

^ 15m£ ^til*!-^^. ^ti. lofli- 2.9mCTE buffer(10mM TrisHCl, ImM EDTA, 

pH8.0)i4 100 id 10(10pmole///£)^ 3m£ ^ 41^^31, 

^w. 2<^1^ 2.8m£ TE bufferClOmM TrisHCl, ImM EDTA, pHS.O)^!- IQO id ^']'^^^ 
10(10pmoIe/;«^) nslJL lOOid ^i<a^^ 18(10pmole/;«^)# 3m£ ^ItII 

^ ^ zl-z]- 94S.011A1 5^-^<y: ^^^^1^^ ^w. l^^-^Hl wj-^l§>^Jl, -^w. 2^ 
^^jSl-Chybridization) ^1;^^ ^§>^ ^J-^^^Mi ^^§1 ^ tl ^, ^^^^^£7jl# 
«(]-#(exicitation, nm)/<^ 7] (emission, nm) ^^^^ 475nm/450nm ~ 

800nm i^^l 475nm/500nm ~ 600nm, 480nm/450nm ~ 800nm 480nm/500nm ~ 600nra, 

485nm/450nm ~ 800nmi^^l 485nm/500nm ~ 600nm, 490nm/450nm ~ 800nm i^^l 
490nm/500nm ~ 600nm, 495nm/450nm ~ 800nm i^^l 495nm/500nm ~ 600nm, 
500nm/450nm ~ 800nmi^^l 500nm/500nm ~ 600nm, 505nm/450nm ~ 800nm i^^l 
505nm/500nm ~ 600nm, 510nm/450nm ~ 800nm i^^l 510nm/500nm ~ 600nm, 
515nm/450nm ~ 800nm, 515nm/500nm ~ 600nm, 520nm/450nm ~ 800nm i^^l 
520nm/500nm ~ 600nm, n.=s]5L 525nm/450nra ~ 800nm ifl^l 525nm/500nm ~ 600nra# ^ 
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# DNA GREEN ^E^^^E^^VT^ji^o] ie s.^]^ j7^#5)1^b1-o]:= o]] v^^}<^ 

^ ^^1: ^ 505nm ~ 515nm S^^l^i , <^7l ^%y^S. 

^ ^7l sl-^^ 530nm ~ 540nm S^^l^i ^o]^ ^ ojo^ 

^. 

<86> :£ 4^ ^i^S^i^ 10 oil cflt!: sl-^># 510nmS. §>J1 <^ 7] sf^l-^ 450nm ~ 800nm 

i^i^(scan) 2:^^.11 cfl^ «]:-§- q-Bfi^ ^-^S, 450nm ~ 535nm 77}^] <^7]S\^ 

^^yJ^S. ^o] ^yy^-v^y]. o]^ 800nm7>^l <^7l5l^ ^^^^ ^91 

% ^ 9X$X^. ^ 4'^lAi, X ^715]^ ^^^sri-jL^l- 5r>^ ^^ 

^(scan) 4^1-(wave length, nm)^ vfBfuHol, Y ci^(scan) 
(wavelength, nm)tfloilA-l ^;^^S)^ ^^'S.^. 51]^ 1^ 

^ q-Bl-iflTi], 511^ 2^ :i?Jl(scan) 3|-^>(wavelength)iJ:<^l a-^ ci^7l£lfe ^^^^ 

<87> i 5^ Ai'Swi^ lO^^l cfl*!: sj-^^ 510nmS <^7] ^j-^^V^ 500nm ~ 600nm 

s^oll tfl^ tij-g- q-^^fl £ 5<^lAi, X £4i^- 

*>4. 511^ 1^ «c}-# ^^J-iJ:^ i^-^i^^, 5)1^ 2^ ^^^J(scan) 4^^<='11^i 

7l£l^ neflHS M-B^-vfl ^o]o^, 511^ 5^ <^7] ^^^^ ^ 

80-32 



<88> :E 6 ^ ^il^^ 10 2)- A^<gtii^ 18011 tfl§>e^ ^^^^ tfl^ 

SlOnmS. §>51 <^7l 3x|-^>^ 450nni ~ SOOnm ^^^(scan) 2:^^'^] t!(\^ tiV-g- 14 
Efvfl ^o.^^ 450nm ~ 530nm ^}^] '^7]S\^ ^o] ^yj-^j-cfy]. o]^ gOOnm 

<89> £ 7 ^ ^it^^ 10 ^ ^i^^S 18^ ^^1:<^1 i^tt 4^1-^ 510nmS. 

^-51 0^7] ^-^^ 500nm ~ 600nm i^(scan) ^^"=11 tfl*V ^^-^ ^^"^ ^^o] 

sl-^(wave length, nm)^ M-^i^^, Y ^ ^^(scan) s|-^(wave length, nni)tfl 

6\]X] ^%7^^ i^-Ef^fl4. 511^ 1^ 4^^^ M-H]-^^, ell^ 2 

^ ^^^a ^^^^'^Hl^i '^7]£lir neflHS. M-B}"^ ^^H, alio] 6 

<90> £ 4 tfl^l £ e-^lAi, o^7l 4^^^ 4^ (shifting) jL^fs ^91^ ^ 

^. 5^ A-]^^:^ lOofl tflt!: ^^71 M-Bf^fl Bll^ 6^ 

10 i^^l ^i<ai^^ 18^ ^^jSl- ti]:-§-#'=11 cfl*!: ^^71 sf^l-^ ^Bfi^ ^o] 

<9i> ^^Hl 5. 5'^^ DNA GREEN a^^3E^1-Tilt:l-olH ^^1^ PCR 

<92> H2}c^l^e1- PCR tiJr-g-^l^i #^^>JL^> ^^ ^7}$] 3.7] d\] tfl^ ^ 
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<^7lA-l<lS- ^^jSl^ 5'^^, 3'^^ *^7lA-l<S ^o:|H 0]:=^ ^ 

<93> <a=^jtflS5-^l5l- PGR ti]r^<=il ^'H^i, ^^fl ^^1^ ^^3L4i 

-a^Mt-i- (Real -time PCR)^ ^ ^><^l#<^l^i ^^s:>e^ Al^o]] 

^j^^ ^l^§>fe ^7fl^7l-xl <^e^^ ^efls] Molecular Beacon "j-^^ 

ofl xfltt HS^CSl^ ^ilT^iS. 5)# a] -g-f- 0.^^-1 _ DMA GREEN a^^a^l-n] cl-o]:^ 
^e]JiTr#5fl HS.ti.o] ^^A^^ ^^^o^S. ^91^ ^ ^IS 

7> 

<94> #2l^&|-'=>}^ls1- Taq DNA polymerase^- ;^fl3r>^( encoding) -^^l^}^ 

5' (deletion)^ ^*V^ 5' exonuclease i^fl^-fl^l^ JL*^^^ <5>^^^^^ 

SSjaoll ^o:|A-l in s.5^Tt|el-c5]-p^j(Xaq. Polymerase)^ 5' exonuclease *^j<^l 

<95> ^ ^^1-^1^ ^1-71 K 1 o\] ^7-1^ #BlJlW5ll^Bfol:c ^d\]A^ ^^'^^S. 1 

3f 21- ^^^l-'^ ^S^-olTi]^ A-]<awl^ 8 i^^l 12'=>llAi *>M-^ 

Molecular Beacon ^^"^^ , ^i^^^ S^f 4# Hel-^lTils. 3r>3i, a-^^^^ 

<96> -SA]^ PCR# -a^l^ '^^-§- ^-S-l- ^Uls:l-^JL, Z^Z^^ ^^o]xi]9]- HS-^. 
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^] tfltb PGR «]:-§- IS] ^-g-^ 20/^ wV-g-^^^ p^lS5:l-^T:f . l) lOx ^-§-^ 

(reaction buffer, 200mM Tris-HCl, lOOmM KCl,pH9.0) 2^5]- lOmM dNTPs 
(2.5mM dATP, 2.5mM dGTP,2.5niM dCTP, 2.5mM dTTP, 2^^ 20mM MgCh^ 

^] 2mM, 2.5mM 3mM S\7]] ^^ He1-olii]oi 

^i^^^ 1 i^^l 2# 0.5uM 5] Til T#<^^ ^, 5'^^ DNA GREEN S^^oJ-t^i 

T^^lS7l- ^i*!^^ 8 ^fl^l 121- ^z]- 0.5uM, l.OuM, 2.5uM n 

:ti<^l 0.2U(unit) 5)711 ^<=H^ ^, ^^1<^1 I'^HlT^i DNA 2M# z]-z]-^ ti> 

-g-^ti-ofl "^"^^ ^, 20;/^ tiV-g- ^s]cHl tfl*!- uj-ul^l ^^o.^ 

^JL c:'!!- ^c>1^ ^, T3]-o]3.^ €^^Sl7l«^lA-l i::]-^(spin-down)^>^i=f . 2) 

<y=^jT:flS^^S.^ Molecular Beacon ^j-^^* ^-g-§l-^^Ti^ , lOx «t-§-^ (react ion 
buffer, 200mM Tris-HCl, lOOmM KCl,pH9.0) 2id9]- lOmM dNTPs ^^'Slj (2.5mM dATP, 
2.5niM dGTP,2.5mM dCTP, 2.5mM dTTP, 2idS\ 20mM MgClg^ 2.5mM ^7\] ^ 

Hel-^l^^ 3 i^^l 4# z]-z]-o11 0.5uM ^7\] ^, 

^1^1 A-l<gtti3: 5^ 0.25uM sjTll ^, ^ el-^^l- 7-111- z]-zl- 

^ ^-§-^:aoll 0.2U51711 ^, ^7.1 c^l \6\]X\ ^^ DNA 2/iCl- ^^-z]-^ 

Mt-g-^jacil i^c>l^ ^, 20M «]:-§- ^sloil tfl^ ^^^S. ^ 

<^1^JL 41<=H^ ^, ^>'^la.S. €^^S^7H17-1 i:l-^(spin-down)*>^4. 

<97> nelJi, ^>7l wh^S^'^l ^7l§H ^^1^ ^^Jl4i <?l^i^t-5-7l[^El^(0pticon 
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™), <a^l^l(MJ)A>]l- A>-g-s:>ci^ 3^711 ^A]^ ^^Jl4i <?lifl«]:-g-^ ^^J^V^i^. 
<y=^jtflS^ HS-y. Mi-i-^S.^ 94°CollA-l A>^ ^^j* 7]^ ^, 95°C<^l^i 30 

^^j, 50°C<^lAi 60S^ <=H^^, -HS^Jl 72°C'^]^i 402,^ ^7^]^ ^ 

-g- ^7]S. §H §1-^31, ^ tilr^^S.^ 94°C<^l^i 5^^ 

^^^^ ^, 95r<^l^i 30^^ ^7^1, 53r<^l^i 60^^ '^'d^ ^^], 

nslJl 72°C<>11^i 40^^ ^Tfll- ^7lS §>c^ o]^ 453] 

^ Siyd^S. PGR ^t-g-^l, ^1-71 ^ Al-o]so^ o]^^ ^7]] pj-x:]- 
^ t-fl^l^i^ ^Aj^o.^ PGR cfltV -^^^^^ ^^^§> 

<98> £ 8^ ^i<I^^ 8<^1 tfl^ 0.5uM, l.OuM, 2.5uM n.=s]5L 5.0uM ^H^i 
3}- MgGl2 2mM S^^^l cfl*!: ^^]^ ^^Jl4i ^^^J^f^ M-B^-vfl ^ o.^, 

^ PGR «]:-§- M-^m^, ^^^^ 14^^^. 1 1^x1 4 

^ ^Ai^o.^ 5'^^ DNA GREEN s.^]^ -^^Jl ^SL A 0.5uM, 

l.OuM, 2.5uM ZL^3L 5.0uMoll tfl^ «]:-§-^7lTi ^eflH# 

<99> :£ 9^ ^^^jT:flS^'?l «]:-g-^3f# M-^\fl ^^1^ ^^Jl:5i <aifl^-§- 

^3i^o1lAi:£ al-^^7l7> #7l-ir SJ-oI^> ^ 

£ 9011A-1, PGR A>^1#^ M-^^^, ^^^^ ^^^A. 
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^l-a 1 i^^l 2^ HSW. ^S^JL ^S. 0.25uM^l tflt!: ^4^1 i^t!: ^-§-^ 

71^ ^^^'='11 tfl* nsflH M-Bfvfl y^o]v]-. 

<ioo> att, ^1-71 ^A]^ ^^JL^ "^^^-S-^ ^tt PGR ^-S-l-<>11 tfltt ^ ^7]'^^^ ^ 
^S^><^ i^]:^!:^: ^^^l-^^cll 2g ^M^i ^]S:^-7] ^sfl -f^5l^<^l 2g 

<5l-7l-Si(^) w><:'l^qc5]-A>p^l^)^ loom^ Si Til 0.5X TBE ^7l^^-g- ^^^^ 

ti-S.T^>ol:B <^4n^l^> (EtBr, 10mg/m£)# ^, ^(comb)'^l ^^^^ ?fl^^^ S 

^7l<^^ ^^ttlCAgaroPower TM, ^) wHl^M^>^> "4^, 0.5X TBE ^7l<^^ 

-g- ^^"5fl^ ^o] ^1-71 E^ l^e^^o^cf. PCR 5/^ ^1 S.^ ^^-^fl (loading 

buffer) # ^<^^ ^ ^}y}S.^^ €^ T^c^^^o^cf. zz. 

^"^-^ ^7l<^^# *!: ^ UV ^^1-71 (UV transilluminator)ofl ^7l<^^ 

^31 Imager III TM ^^]'^ (^) u1-o]^t_^o>a> 

# ^'^^V^^. ^ ^^'^<=>\] ^-^ ##^1: a.7l^ 127 ^7l^(base pair, 

bp)'^H, ^cf^^tflS^-^Hl i:fl*!: 3.7]^ 150 '^7]^<^M. 

<ioi> ^^7] ^ E 8 ^ E 9<=il M S S'^Hl^i, 5^ 

5'^^ DNA GREEN 3Ei^5E^>Tili:]-ol je ^x]^ 0.5iiM<=Hl i^t!: € ^7l<^^ ^t^f 

•^iJl, ^1^ 6^ 5'^^ DNA GREEN SiS<5l-TilT::|-o] e ^^1^ l.OuM, ^91 7 

^ 5'^^ DNA GREEN a^acij-p] ^x]^ ^^3. 2.5uM, ZLS]jl 5)1 <?] 8^ 5' 
DNA GREEN S^^S^>n1i^<^lH S.^]^ 5.0uM^l i:fl^t ^ ^7l<^^ 
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511 9^ lOObp A>o]s T^}^^ M-Bfi^x:]-. £ 9^]^^, ^91 3 i^^l 4^ <y= 
^^tfls^ H^y. 0.25uM<^l ^^<^1 tfl^ € ^7l<^^ q-Bf^fl 

cf. ^1^1 5fe lOObp A>ol^ T^>?1# M-B^-^flcl-. 
<i02> ^aH] 6. ^7l>|^ DNA GREEN ^^iao>p]T:]-o1 ^ s.^]^ S-S.:^^ ^l-^fV PCR 

<103> ^ ^^Hlfe -S-71 a 1 Oil 17] t!: ^S]31^#5lliBl-Ol^ ^^]^'] ^il^^ 1 21" 
^^S]-o=] se^ojTi]^ Sl-Jl, A-^wiJl 13 vflx] 17-^1 ^>M-^ #S]31^#5ll 

<i04> ^A]^ PCR^ ^^l-o] ^A]^ #%i-Jl^ -Sifltilr-i-^ -^^-l- ^til^V^Ji, S.^ 
HS.«.<^1 tfl^ PCR tilr-g- 1^1 «]:-§-^ 20;C^ ^t-g-^^S 

lOx tiV-g-^ (react ion buffer, 200mM Tris-HCl, lOOmM KCl,pH9.0) 2fd^ lOmM dNTPs 
^^^(2.5mM dATP, 2.5niM dGTP,2.5niM dCTP, 2.5mM dTTP, 2iASi\ 20mM MgCU^ 

AA^ 1.5mM, 2mM ZL^3L 2.5mM 5] Til i^^, Hs]-^1 

^elJio] A-]<lwl^ 1 i^x] 21- z|z]-o]i o.5uM 3S]7ll ^, b]-;^! saaV ^^-g- 

S5^olTi]oll «flA]- w-^j-ol] ^l-J^.^ ^ <^7lA-l<t^ ^1 ^ 

^^Jl4i ^7lA-1<i DNA GREEN S^^S^^M t]-ol:E a^]^ ^ 

si JLTf#sfl o.Efol:c A-]<gtii^ 13 i^x] 17# z]-z]- 0.5uM, l.OuM, 2.5uM nslJl 

0.17U(unit) SlTll ^Al<^l loljA-l yg:^^ ^*fl DNA 1.5/^# ^^S] 
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<105> §>7l PGR ^-g-S^ofl ^7-l5:l-<^ ^^1^ ^^JL^ ^-§-7] [^H^ ^ 

(Opticon™), '^^■11ol(MJ)Al-]c^lAi 31=3:7^1 ^X\7^ #^Jl^ ^ill«]r-§-* n^^J^V^^-. 
94°C<^lAi ^^^^ 7]^ ^, QS^C^l^i 30^^ , se'c^lAi 50^ 

^^^'^Ji, tfloiEi^ ^Al^o.^ PGR tiJr-g-l-c^il cfl*!: 3]-^^ §>^T:f . 

<i06> £ 10^ A-l<i«iJ: ied\] tfl^ 0.5uM^ l.OuM ^elJl MgGl2 1.5mM 

^1 tfl^ i^-Hf^fl ^A^S., ^^1^ f^^jL^ <^ill'^]:^ S^oil 

^ PGR ^><^m^ M-^i^H, ^^iJ:^ ^-^^1=1-. 511^ 1^ '^71 

DNA GREEN ^^^^^1-^1 cf'^lH S.^]^ ^e] jL^^efl^B^-o]:^ 0.5uM<^l T:fl*t 
ti>-§-^7lii ^<a^ tfl^t ^eflH ^^^1^1, i]]^ 2^ ^7lAi<g DNA 

GREEN X^^5E<i>Tilt:]-ol:E s.^]^ ^g^37^^5ll^B]-o]:c i,OuM<^l tflt!: ^-§-^7lii ^ 

^€ ^^^^1 =in^ ^^1- M-^\fl ^^1^. 

<i07> ns]jL PGR tiV^l-oll tfl^ ^^-^ 4>7l ^Ajo^l 4^ ^^*!r wj-'^-^S <^}7}S.^^ 

^■ll^^M ^ ^7l<^^^ pgr tiV^^^ ^7lAi<^ DNA 

GREEN Sr^3Ecsl.plxq-o]E ^#-g- S^l-^^l ti] ofl 
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tflt!: ^^^1- 3.7]^ 127 ^7]^c>]v]-, 

<108> ^>7l ^ £ 10^11 q-Hflfl^ii:]-. £ 10<^lAi, 5)1 ol 3^ <^7lA-l^ ^ 

^ DNA GREEN S^iS^^M 1:^-0] e a^]^ ^g^37^3.5|j^^ol:^ 0.5uM<^l tfltl: ^ ^ 
7l^^ ^sfolji^ 511 o] 4^ ^7l>|^ DNA GREEN S.^]^ ^ 

B]jl^#5ll^Bl-o]:c i.OuM^l tj]^ ^ ^71^^^ ^1^ 5^ lOObp A>o]3 

<109> ^aH] 7. 5' DNA GREEN ^^^^^V^l t::^-^^ S^I^. o1-^?V PCR 

^^-^ 

<iio> ^^jtflS^-^lel- PCR tiV^'^l 9X^^^, ^^ ^]S. DNA 

# ^7l-§>ci^ PCR ^^S. c:>l^ PCR ^^S^l^ -S-^<^1 ^ 

<iii> ^Al<^l 4<^lA-] ^o]^ tiV-g-s^c^l $]7^^<^, DNA<^1 tfltt ^^1-^51^ ^^1 

^ ^^Jl4i 'Sifl'^]:^* ^^^-S^^. ^^1<^1 2-^1 x-fla]-^ ^elJi^#5llJ5.B]-oliE. 
•^71 A-]<g 1 iflx] 2# §>^, >|<t^^ 8 i^^l 12^]^^ §>M- 

^ #e|31^#5ll^H]-ol:B ^7lA-l<g^ HS^S S>c5^ S->7l^ 2^^d\] 2]^}<^ PCR 

<ii2> ^Ai^ PCR# ^tils>^ji, zi-z]-oi ne^oiTi]^]- tfltt 

PCR «]:^ IS] tiV-g-T^ 20/^^ tit^-sBo.^ ^^flSSj-^i:]-. lOx «]:-§-^ (react ion 

buffer, 200mM Tris-HCl, lOOmM KCl,pH9.0) 2/^«5>]- lOmM dNTPs ^^^(2.5mM dATP, 
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2.5mM dGTP,2.5mM dCTP, 2.5raM dTTP, 2/^5f 20mM MgCh* 2mM 5] 

711 Hl-^ ^^ HSl-'^H #2^31^ ^i^Wi^ 1 2# Z]-Z^<^1 

0.5uM slTll i#<^l^ ^, Hl-^ ^^<=>]^'^] 91^^}<^ 

^T^: DNA GREEN S^^a^V^^lx^^c)] ey]. ^^a^l^ A-^-g^i^ 10^ 5.0uM ^ 

711 ^<=H^ 4-, #51 Ti] el-oj-x^ll- ^^3] 0.2U slTll ^#c>]^ ^ 

^1 1^1 ^j;^]^ ^«fl DNA# ^^l-sl^§>ol z^z^S] ^^^:^<=]] 2fd, '4'^^ ^, 

20fd «]:-§- ^3X]o11 tll^ i^-Tilxl ^^^S T^-^^I^Jl 41^^ ^, 

T^l-c^lH-S-^^^elyHlAi cf^^l-^ji, ^^ DNA tflA] ^^.^ 

<ii3> H^JL, ^-y] ^^3^^^] ^7]^}<^ ^^JL^ <a^^-§-7l[^Hl^(0pticon 

™), ^^l<^l(MJ)Al-]cHl>| 3^^1 PGR tiV^^ ^^J^l-^i^. 94°C^l^i ^} 

^ ^^^^ 7-1^ ^, 95r<=il^i 30^^ ^^j, 55°C<=iMi 60^^ nelJL 72V 

d\]A^ 4os.it ^7111- ^7]s. §>6i oil- 45si ^^y] 

S^^S PGR ^, ^>7l z]- A>ol^o^ o^^^ T.}!:]- ^^^^ ^ 

^^^■%Jl, t-llolBl^ ^Al^o.^ PCR tiV-g-l-c^l tfl^ ^A^^i^^_ 

"^1^ PGR ##^^^1 tfl^ S.n(log) #1*1-31, *l:7ll 

^7l[threshold cycle, G(T)]1- ^^Jtb ^ S$ ^^^^^ ^^^^V'^, PGR ^ 

-§-<^l Tfl^ ^^£(linearity)# ^^^§>^i=l-. 
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<114> n.^5L PGR Mt-i-l-^l tfl^ ^^-mr 4>7l ^Al<^l 4^ ^<a^ <^}7}S.^^ 

^l^^H ^ ^7l<^^^ ^«J§l-^Jl ZL PGR «lr-§-l-# ^^^V^xrf. 5'^^ DNA 

GREEN a^iSo]-nlT:|-o]:E S.^]^ j7^#5fl o^Bfol:^ H^ja ^#-g- H2l-'^1^<^1 

#^^1- a.7lir 127 <^^7l^(bp)^m-. 
<ii5> £ 11<^1 i^-Bfid: ^'^'l, zzeflH^ ^Al^o.^ PCR tiV-g-^o!] tfl^ 

DNA ^^1-51^^ S^Ti S3i(log)^^ #1* ^, *^1^7l(G(T))# 

M-^^i ^^m. -T-^^ neflH^ DNA S^Ti<^l tfltt 

t!:^1^7loll ^7-1, DNA S^#<^1 cfl*t ^ 

tflti], DNA# ti]:-g-S^<^lAi PGR ^^^] ^^-^-^^^ ^ 

DNA ^^}^^ ^^^^ #7l-# ^ ^^31(31-^5] ztefl 

S.), a^^^^^'^l tfl*!: ^^£(R_2)ir R_2 = ^o] n 

5flH). £ U^]^"], PGR i^t^ ^l-^m^ M-^^^, ^^^^ M- 

^^1=1-. 311^ 1^ ^-5- ^^-^ DNA 6ng, 2^ ^^ DNA 2ng, eflo] 3^ ^ 

^ DNA 500pg, 511^ 4^ ^«fl DNA 125pg, sfl^ 5^ ^^ DNA 31.3pg, sll^ 6^ ^ 
«fl DNA 7.8pg H^JL 7^ 1.95pg^ PCR ^t-g-^l T:fl*!r M-Bfvfl T^Jojc]-. 

<ii6> :£ 12^ ^^ DNA ^^Vs]^ S^^i ^ ^^^] ttl-S ^ ^7l^^ ^^4-1- M-^^fl ^ 
^S., 511^ 1^ tii--g- ^tB DNA 6ng, efl^ 2^ DNA 2ng, ^91 3^ ^^ 

DNA 500pg, 511^ 4fe DNA 125pg, efl^ 5^ DNA 31.3pg, 6^ 

DNA 7.8pg, 7^ DNA 1.95pg, 8^ ^^^tfla^^^l cfl^ PGR ^^'^] tfl 

^ ^7l<^^ ^^-^ M-Bf^a ^'^^l^, Sfl^l 9fe lOObp Aj-oj^ 1^1-7^^ i^Efvfl ^o] 
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<ii7> ^aH1 8. ^7lA-^<g DNA GREEN S^^aoT-^lTi^l-Qm S^l^. 

^ PCR 

<ii8> ^Aloj] 5 oil^i i^I-s-S^'^l ^7-l§>ci^, ^«fl DNA<^1 tfl*!: ^^V^Jt^f 

^1^ ^^^^^ "^^^^^i ^^Hl 2<=>11>| #s]JiTr#afl^B]-o]H. 

^3: 1 i^^l 21- Hsl-o]^^ ^'-il^Ji 13 ifl^l l7<^l^i ^>M-^ 

<119> ^A]^ PCR^ ^Sl-o^ ^A]^ ^^3L4i <a^^^-g- ^tilS>^jl, Z]-Z]-o^ 

lOx «]:-§-^ (react ion buffer, 200raM Tris-HCl, lOOmM KCl,pH9.0) 2/iC^ lOmM dNTPs 
^^^(2.5niM dATP, 2.5mM dGTP,2.5mM dCTP, 2.5mM dTTP, 2/iC^ 20mM MgClgS" 

AA"^] 1.4mM "4^^ ^^-g- Hfil-^H ^s]37 0i x\<^^ 

S. 1 2# ^^^1 0.5uM 5]7fl i#o]^ ^, ^s^jL^l He]-olii] 

oil ^^S>oi B]-^ ^^ ^7\o\] cgyjAi^^ 5] ^A]^ ^ 

^JL^ Mt-g-^ '^7lAi^ DNA GREEN S^2Sc,>T3lt:fol ^7]. ^^^x]^ 

jaoll 0.12U 5]7ll ^<=H^ ^, -^-^1 ^1 l^l^i ^^^1^ ^^ DNA# ^^l-^^§>'^ AA 
^ i^>-§-^-a<=il 2/z^, ^c:^^ ^, 20;^ Y^rjofl cfl*!: ^^^^ 

n^S- o]^ ^, T^>^lH.S €^^Bl7HlA-l tq-^ (spin-down) §1- 
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<i2o> nslJi, 3r>7l PGR «]:-§-S^<^l ^7-l3rl-o^ ^X\c^] 6s\- ^'U^A] PGR ^^^'^ 

cf. 9rCo]]^j ^^^^ 7-1^ ^, QSr-^l^i 20^^ ^^j, 55''C<^l^i 40^ 

^ c>:i^^, nslJL 72r<^lAi 30^^ ^7111- ^xfl tiV-g- ^7]S. '^ll- 502] 

ti].^ ^53§>^cl-. 41-71 PGR tit-g-^ ^, ^1-71 z]- A>ol^o^ c^^^ T^}V\- 

^^^^ tflojEi^ ^^m^S PGR «l:-§-*<^l T:fl^ 

^^d^>^^. '='1^ PGR tiV^ #^^^^1 S.I1 

#)§>ji, *t:^1^7l# ^ a$ ^^^^V*^, PGR ^^^] tfl*!r 

^5j§l-o^ PGR ^-S-l-^ ^^^V^i^f. ^7lA-l<g DNA GREEN S^^S<=>Mi^<^lS S 

^7l^(bp)<='li=l-. 

<122> £ 13«H1 M-Bl-id: Hj-s]- ^o], nHfl^^ ^Al:^o.^ PGR wv-g-^oil 

DNA ^^>S1^ S^^i ^^^^<^l^i ^, tb7fl^7l# ^^^tb M- 

Bl-^fl ^^Icf. ^#5] ZLSfl^^ ^sfl DNA ^^1-41^ 3iydo\] «t7]1^7loll 
^7], DNA ^^l-s^^ tfltb a^^^^^^ i^-Bfidi^l-. ^^^T:flS5- tfl 

til, DNA# S^*!r ti>^S:?i<^lAi PGR ^^f^V^^^i DNA ^^1- 

S^^i ^^^^^ ^^^^ ^y}% ^91^ ^ ^^JL(31-^^ neflH), 
^^^o^l cfl^l- ^^51(R_2))^ R_2 = 0.993^^^ Sl-o]§i.^x:^(_o ^ 3LHflS). 51 
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13<^l^i, PGR «]:^ ^>'=>1#^ M-^^^, M-^^^. 5)] 

91 1^ «]:-§- -^^-^ ^^ DNA 6ng, 2^ ^^ DNA 2ng, efl^ 3^ ^^ DNA 

500pg, 511 <a 4fe ^^ DNA 125pg, efl^ 5^ DNA Sl.Spg^ PGR ^^<^] tfl*!: ^ 

^<=>m. 

<i23> :£ 14^ DNA ^^>sl^ ^^JL^ -a^^-g-^^l tfl^ ^ ^7l<^ 

^ ^5z}-# uj-Bfi^ ^^S, 511^ 1^ tiV-g- ;i«n DNA 6ng, sll^ 2^ DNA 

2ng, 3^ DNA 500pg, ell^ 4^ ^^ DNA 125pg, 5^ ^^ DNA 

31.3pg, 6^ ^^^tflS^^ M-Bf^E ^'^H, 7^ lOObp A>ol3 ^}^% ^ 

<i24> ^aH1 9. 5' ijj-vV DNA GREEN a^^Sc^l-Plr^olH S.^]^. ol-g-?l- M^l 

<i25> ^cl-(lambda) DNAfe 4 '^I'^l ( lambda phage(Gi857 Sam7)7> y^^^ heat 

inducible lysogen E.coli strain(dam-,dcm-)-^S.-^Bl ^s] ^jx-ll:g DNA^^li^f. 

<126> ^A]<^1 4 <^1A-1 ^-5-S^oil ^7l§><^ 5'^^ DNA GREEN SiSc=>Hi=l-<='lH S 

x]^ ji^#5ll HS-ti-Oll tfl^ 33.^} (cross contamination) «]:-g-^ 

<i27> ^ ^^1^1^ Ail^d^ 8 tll^l 12<=^lAi ^c^:£ §>M-o^ #elJiTf#sfl-2-^'^l^ ^il^ 
^^*l-<=i, 1) 1 i^^l 2# He1-c>l^S. Af-g-^l-o^ dNA^I t:!]^ 

^i||«]:-§-^ ^«3^>^Ji, 2) ^i<t«i^ 6 7^ Hefol^S. A>-g- 
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s:>e^ ^v]- mh^] TflSfl PGR* ^^5*1-^1^. 

<128> ^A]^ PCR^ ^^-c^ ^til3r>^Jl, Z]-Z]-o] sg^ojTilSl- HSti.c11 tfl^ PGR 

-S- IS] tiV^^ 20/^6 tiV-g-^^S ^IS^l-^x:]-. DNA ^tt S^^^ 

^, lOx ti]:-g--2J] (react ion buffer, 200mM Tris-HCl, lOOmM KCl,pH9.0) lOmM 
dNTPs ^^^(2.5raM dATP, 2.5raM dGTP,2.5raM dCTP, 2.5mM dTTP, 2^SlSi\- 20raM 

MgCl2# AA"^] 2mM 5] Til cf^, Bf^ «B>0: ^^-g- He^-^l^ ^e^^i^ 

1 ifl^l 2# z]-z]-oil o.5uM 5] 711 ^, H 

B^-oH^ll <a^§><^ #^Sl^ Bf^ «flXl- «-x}o11 ^l-:a.^ol <g7lA-]<iS. ^^j5l<H ^^1 

A ^^JLdi «]r-§-^ ^*!: 5'^^ DNA GREEN i^i^c^l-Tii 1:^01^7]- ^^^xl-g ^S-M. 
o] 10# 2.5uM SlTll ^o]^ ^, ^s^Dlel-ol-^-ll^ AA^ ^^P^-^^- 

^1 0.2U 5] Til ^, ^^Hl l^llA-] ^j>5ll^ DNA 2^ ^, 20^ 

tiv^ -^511 oil Tzfl^ vfiiixi ^^o.^ ^<^^ ^, T^><^la.^ 

t^^^l-^cl-. Ji7^]-^<^ ^tt i^t-g-^S^ lOx tiV-g-^ (react ion buffer, 

200mM Tris-HCl, lOOmM KCl,pH9.0) 2nl9\ lOmM dNTPs ^^^(2.5raM dATP, 2.5niM 
dGTP,2.5mM dCTP, 2.5mM dTTP, AA) 2fd^ 20mM MgCU* AA^] 2mM ^ItII t# 

4^, Hel-oH ^B]370i 6 7Wr AA^] 

0.5uM SlTll ^<^^ ^, Bf^ HBl-olTi]c.ll ^#^1^ 

DNA GREEN S^^X'=>l-^m-^lH7l- ^^^^1:^ HSjao] A-]<liii^ 10^ 2.5uM B\ 
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711 ^, #2l^5l-^Hl« 0.2unit S\7\] ^, 

^1=1- DNA lOpg.* ^, 20iid ^5i)o11 tfl^ ^^^S. 

<129> nslJi, §1-71 PGR tiV-g-S^-^l ^^1^ PGR «]r^^ n^^J^VS^. 94V<^]^^ 

^^^^ ^, QSr^l^i 30^^ SSr^l^i 60^^ 

:il 72°C<^lAi 40S^ ^x^l «]:-§- ^7lS. §><=«1 44^ n^^S§>^ 

cf. S^^S 4>7l z]- Al-ol^o^ o^^^ v^^] ^}v]- ^^^^ ^^^^}<^jl, 

^ t-HojEiir ^^m^S. PGR '^t^l-'^] tfl*!r ^^^^1-^^. PGR ^ 

^7l<^^# =^19*1-^31, =L ^3]- PGR ^-§-^# ^^§>^^. 

<130> £ 15^ 10^ "E-^^S. ^7}^ ^, ^^ DNA^ DNA# ^7l c]-^ ^ 

iil^l-0.0^ ^X\^ <?lill^-§- ^^1- M-Bfsfl ^A^S., ^ 

DNA^l tfl^Ai^ ^^o.^y]yl ^sj^^^ ^^iJ:^ ^7l-# ^ ^^JI, # 

DNA<^1 ^gj^^s. ^^^o^ ^Sf^ ^01^ ^ S^^x^f. £ 

15<^l^i PGR i^t-g- M-Hfi^ul, ^^^^ M-^^^. efl^ 

1^ WA^] tfl*!: -M^l^V ^^S.^ ^ill'^]:^7l# ^*!r ti]-o.^7lTi ^^^^1 cfl 

nsflS ^3f# M-Bfi^ ^^iJl, 5ll«y 2^ ^i::!- DNA<^1 tfltt 
M]:-§-7l# ti]:-§-^7lii ^^iJr^l tfl^ ^BflH ^^l^^. 
<i3i> neljL PGR ^^1:^1 tfltt ^^1- ^^]c^] 4^ ^^tt oj-yj-S^i 

x-)l^§l-o^ ^ ^71-^^^ n^^J^l-^^. DNA GREEN S^S^^I-tjI o] e s;^]^! 
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127 *^7l^c:>]Ti^ _ 3^^} o_<^ tiV-g-oil tfl^ ^v]- DNA^ ^#^1- H.7l^ 100 bp^l^^. 
£ IS^^l^i, 3^ ^^ DNA-^l cfl*!: ^a]^ <a^^-g-#^l cfl*b € 

^7]'^^ ^azfo]jL, 5)1 o] 5^ loObp A>ol3 ^>^# i-l-Hfi^ 
<i32> ^^]<^] 10. '^7]^-]'^ DNA GREEN S^aQ>TJlT:]-o1:E S.^]^ 

<133> ^Ajcs]] 5 oflA-l ^^-g ^7-1S><^ <^7lA-]cg DNA GREEN S.^5.c>l-T3l c]- 

<i34> ^ ^^Hl^ ^^Hl 2 cflAi p^i^]-^ ^ejjT-^^eil Ai^gai^ 13 i^x] 

lY^l^i 'g7lA-i<i^ ^^^<^ , 1) ^-^ 

1 i^^l 2# Hel-^HS. A>-g-§>c^ DNA^Hl cfl^t ^^1^ PCR# 

PCR^ ^«3^>^i^. 

<135> ^A]^ PCR^ ^§>o^ ^^1^ ^^jL4i ^tilS>^31, ^^$] Hel- 

ojxil^ H5.:acHl cfl^ PGR tiV^ 13] ^^T^ 20M ^^^-^5. ^-flS^l-^x:]-. 

DNA til-g-^ S^^^S, lOx ti]:-g--2!](reaction buffer, 200mM Tris-HCl, 

lOOmM KCl,pH9.0) 2iid^ lOmM dNTPs ^^^(2.5iiiM dATP, 2.5mM dGTP,2.5mM dCTP, 
2.5mM dTTP, 2/iC^ 20mM MgCUS" ^^^] 1.5mM S\7\] ^o]^ cf^, 
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^^ ^^-g- Sel-'^lTil ^elJio] A-l<i«i^ 1 vflxl 21- z]-z]-oil o.5uM ^7\] 

GREEN S^^SoHc^-oiEyj. H^ti-^ ^il^i^ 16^ l.OuM s]7\] 

^, ^^^^<^}^](^)^}^]^-<^<^}^}m ^^^:ti<^l 0.15U(unit) 51 711 

^, ^^1 I'Hl^i ^^^1^ ^^ DNA 1.5/i«, ^, 20;C^ ^-§- 

5^1<=^1 tfltt ^^^1- ^^^31 '^]mr ^^'^^ ^, ^}<^]3.S. 

7]d\]^'] ^^^1-^^. ia^l--$-^Ti wt-g-^Sfe lOx «]:^^ (react ion 

buffer, 200mM Tris-HCl, lOOmM KCl,pH9.0) 2fdSi}- lOmM dNTPs ^^"5n(2.5mM dATP, 
2.5mM dGTP,2.5mM dCTP, 2.5mM dTTP, 2/i£^ 20mM MgCls^ ^^^1 1.5mM 

SlTll 1^^, ^^ ^^-g- He^-olTi] #5lJiol A-l<Stti^ 6 7# 2]-^ 

o.5uM siTii i#<H^ ^, B]-^ ^^ -^^3.91 ^^^]^^] ^i^^H 

DNA GREEN S^iS'^M4<^lH7l- ^^S^l^ HS-jao] A-^-g^j: 16^ 

l.OuM 5l7ll ^, 1-el Ti] e1-o>y5il# z]-z]-o^ «t-§-^:aoil 0.15U(unit) ^1 

711 ^<H^ ^, DNA 10pg.# ^, 20;ie «]:-§- -^sl<^l T:ll*t ^-^^] 

^^^S. ^^^1- ol^ A^o]^ T^>ol3.S^Al^5^7]ollAi cf^^l- 

<136> S>7l PCR «]:-§-SS^l ^7-l5r>c^ ^^1^ ^^Jl4i ^^ll«]:-§-7l [^H]^ 
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(Opt icon™), <^;^lcil(MJ)Al-]oilA-l 3^^] ^X\^ PCR aJr-g-^ ^^S^l-^^. 94V^]^^ 

^^j* ^, 95°C<^l^i 30^^ 56°C<^l^i 50^^ 

JL 72r^l^i 40^^ ^^^1 ^7]S. §><^ 465] ti]-^ n^^S*>^ 

^ t|lolB-l^ ^Al^o.^ PCR tiV-g-^oll tfl^ ^^^^o. n^ljl PCR 

<137> £ 16^ ^il^^ 16^ ^^^S. ^7]-^ ^, ^«fl DNAi^ %A DNA# ^^-71 4^ ^ 
^ o.^ iH^l-^'g «]:-g-<^l Tflt!: ^^1^ ^^3L4i <a^fl^-§- ^^1- M-^\fl ^^S, ^ 
«n DNA^l tfl^Ai^ til- 0.^7] 7]. ^sj^^^ ^7\% ^ ^^31, ^ 

DNA^^l cfl«flAi^ ti]-^^7l7l- ^^S^^^ ^^^^ ^Sl-fe ^ £ 

le^l^i PCR ti]:^ ^l-^m^ M-BfvflB^, M-B^^i^. 

1^ DNA<^1 tfltb 9l^^-§-7l# ti>-g-^7lii ^^^011 tfl 

liHflH i^-Bfvfl ^ojji, 2^ DNA<^1 tflt!: ^^1^ ^^JLdi 

^-§-711- ^-§-^7111 ^^^^1 cfl^ nsflS M-Bfvfl 7^c-\x\, 

<i38> nelJL PCR i^t^l-^l cfl*!r ^^41- ^^7] ^a] cifl 4^ ^<a*!: 'i>7l-Si 

^l^^H € ^71 <^^^ ^sj^l-^ji n PCR tiV-g-l-^ ^^*>^^. ^7lA-i^ 

DNA GREEN Si^c^l-Tilirfol^E a^]^ ^g;] jr^^^^j o_Bf o]:^ ^^y. ^#-g- H 

el-^H^l cfltt ^^ DNA^ 3.7lfe 127 bp'^H, iH^V -S.'g ti]:-g-<^l T:fl*!r ^ 

x^f DNA^ #^^1: 3.71 ir 100 bp^^M. £ 16<^l^i , sfl<y 3^ DNA^l ^^1 
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^>?1# M-B^-vfl yA'^M. 
<139> ^^H] 11. 3'^^ DNA GREEN S^^o>tj]t:]-o1h S.^]^ ^l-^fV PCR 

<i40> Tn}oiu^^ T^<a<^l^l (VentR (exo-) DNA Polymerase)^]- 

VentR DNA polymerase7l- encoding) 3 '->5' proofreading exonuclease 

* i^fl^l^l?! ^A]^ ^^Jl4i ^ifl «]:-§- (Real Time PCR)# ^*!: ^# 

^1, 3'^^^1 ^^S^l^ HS-H<^1 5'->3' exonuclease Sr^j ^tt wl^^l 

<142> ^A]^ PCR# ^§1-01 lal-o.^ ^^1- ^tijSl-^Jl, ^^o]^9^ tfl^ 

PCR 1^ Mt-i-^ 20/z£ «l:-§-'5fl^S ;^lS§>^i:q-. lOx «l:-§-^ (react ion 

buffer, lOOmM KCl, lOmM (NH4)2S04, 20mM Tris-HCKpH 8.8, @ 25V), 2mMMgS04, 

0.1% Triton X-100, NEB ^}) 2/^5]- lOmM dNTPs ^^^(2.5niM dATP, 2.5mM 
dGTP,2.5niM dCTP, 2.5raM dTTP ^) hV^I^M^^V) 3jid^ 20niM MgS04# n^^] ^ 

^ 2mM, 3mM nslJi 4mM 5)711 ^'H^^i ^^-g- ^s|3L^ A-l<i 

19 ifl^l 20# 0.6uM slTll ^, ^^-g- ^slji^ H21- 
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^^Jl4i «t-§-# 3' DNA GREEN phosphor am idite7> ^^^x]^ 

21# l.OuM^}- 2.5uM S\7\] 1#<H^ i^-g-, ifflH -slj^i T^l-c>m:i ^S^^l 

el-'iV^-lKVentR exo-) DNA Polymerase, NEB^]-)!- ^^^:^'^] 0.25 U ^7\] "4 

^, ^^1 i<Hl^i ^^^1^ DNA o.5fdm: ^-§-^:a-<^il 

20//^ ^-g- ^5ilofl Tzfltt i^^^l ^^^S ^^1^31 o]^ ^o]^ 

<143> 3.51 Jl, §>7l PGR ^7-1*M 3^7fl ^A]^ PCR^ ^^J^V^cf. DNA 

GREEN phosphor ami dite e^-t SS^. ^-g- wV-g-o.^^ 94-0^1^1 >««>^ ^^j^ 

^, gsr^i^i 30^^ ^^j, 53r^iAi eo^^ ^^iJi 72°c<^iAi 50^^ 

^51^1 ^y]s. 50S] tii^ n^^S§>^i^. z]- s^^s 

PGR ^, ^^1^ ^^S.4i <a^T^-§-7loflAi Aj-7l zi- Al-oj^oj c>l^^ 

^^1 ^^^^ ^^^§>^3i, ^o]^^ ^Xl^o^s. PGR «]:-§-l-<^l Tfltt 

<144> :£ 17^ Ai<ii^l^ 21<^] l.OuM 1:5] JL ^S. 2,^^ MgGU 2mM S^^^l tfl^t ^^1 

^ #^3L4i <aifl «]:^^5z]-§ M-Bfi^ ^-$-3., ^^1^ #^3L4i <a^ti]:-§- 
*^ ^-g- ^-g-^7l7V ^^^s] ^ 51 17 

<^lAi, PGR ^>^m# M-El-i^ol, M-Hl-vflcf. eflo] 

1^ 3'^^ DNA GREEN phosphor ami dite ^5)31 ^£ l.OuMS ^}<^ ^^ DNA^l 

80-52 



q-Bfi^ ^•='1^, 511^ 2^ 3' DNA GREEN phosphor ami dite #s]jL 

s}-<y€ ^^^'^l cfl^^ nEflH ^^1- M-B]-\fl ^ojr]-. 

<145> Zl^JL, PGR tiV-i-^ol] tfl^ 41-71 ^Al<^l 4i2l- <^}7}S.^^ m 

^ ^]^^}<^ ^ ^7l<=§^^ ^«J§1-^JL n ^ozf PGR ti]:-§-^:2f# 3' ^ 

^ DNA GREEN phosphor ami dite e]-^ ^^HSja ^#-g- H5l-<^H'^1 tfltb ^^^l" 
H.7lir 118 bp^m-. £ 17^1 M-Bl-id: ^}s>\- ^o], 5fl<?l 3^ efl^ ^^1^ 
^3L4i <a^^-§-#<='11 m ^7l<^^ ^^f'^'lJL, eflo] 4^ 2<^1 tflt!: ^a]^ 

^^JL:^i «?^ifl«]:-§-#<=^l tfl^ ^ ^71 
<146> ^aH] 12. (5' 3'^^?^-) DNA GREEN ^^^oVPlx^l-Qm ^^1^ S^Jg. 

# o1-^?1r PGR ^-^ 

<i47> i^lH p>c>m^ T=1<yi^l'='l ^el^iJl-'=>>^fl (VentR exo-) DNA Polymerase)^} 

VentR DNA polyraerase7> vl]7fl§l-^( encoding) 3'->5' proofreading exonuclease % 
yfl^l^m #BlTi]5^-^l^, ^^1^ ^^a^ <aifl^-§-(Real Time PGR)# ^ 
^^1, 3' ^^-^1 SSti.oil oj,o]A^ 5'->3' exonuclease %^^<^] H] 

<148> ^ ^^l^^l^ ^1-71 a 1 ^1 <a7l^ #S]JL^#511 O.Hl-o]:c ^6\]X\ ^^<^^S. 19 

^>^*V^^. PCR# ^-§-§- -^y-^- ^til§>^Ji, S.^o]u]s>]. 
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Tflt!: PGR ^-5- IS] wl--g-T^ 20[d w>-§-^^S ;^lS5:>^i::f . lOx ^ 

-§-^(reaction buffer, lOOmM KCl, lOmM (^4)2804, 20niM Tris-HCKpH 8.8, @ 25 

°C), 2mM MgS04, 0.1% Triton X-100, NEB ^\) 2iA^ lOmM dNTPs ^^^(2.5mM 
dATP, 2.5mM dGTP,2.5raM dCTP, 2.5mM dTTP AA , ^) t^><^l-$-T-l'^» 20mM MgS04 

# AA"^ 2mM, 3mM Z2.^3L 4mM sItI] ^^^Jl ^^a: ^^-g- H5^-<^1ti1 # 

elJi^ A-l<gtii^ 19 iflx] 20# ^z]-<^l 0.6uM ^ItII i#<H$ ^, b]-^ «fl^ ##-g- ^ 

%AA ^^3L4i ^-1-^ ^t!: 5'^^^ S'^^-^l DNA GREEN phosphoramidite 
7> S^w.<y 22# AA l.OuM^f 2.5uM ^iTll ^, 

T^>c^lui^2 #slTi]e]-o]-^l(VentR (exo-) DNA Polymerase, NEB^H^ AA^ ^-§- 
^.aoil 0.25 U ^711 ^'^^ ^, 1^1 ;i«fl DNA 0.5M€- ^^z]-o^ «]: 

t^c>]^ 20M ^-§- ^^'='11 ifl^ ^^^s ^-^H 

^31 o]^ ^<>1^ ^, T=>olH.S^^^al7loilA-l i^^(spin-down)*>^T=1- 
<i49> 3.^1 Ji, S>7l PGR «]:-§-S^c,11 ^7-1§M ^^1^ ^^Jl4i 'a^^-g-7l[^B]^ 
(Opticon™), <^;<-llol(MJ)Al-]oiiA-i 3c]- Tj] f^^JL^i <ail)i^]:-§-(Real Time PGR) 

^ n^^S*>5iT=1-. DNA GREEN phosphoramidite A^ HS-ja ^-g- wt-l-^S.^ 94°C^1 
A >^>^ ^^^^ A^ ^, 95°C<^l^i 30S^ ^^j, 53°C<Hl><-i 60^^ 

nelJl 72r<^l^i 50^^ ^A "^A^ AA ^-5- 5r>c^ o]^ 505] 

^1-7] ^ S^^S PGR yjr-g-^ ^^Stb ^, ^^1^ ^^^^^ '^n^%7\<^A 
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^S. PGR ^^%^] tfl* ^^^§>^i^. 
<150> £ 18^ ^il^^ 22011 tfltt l.OuM ^S]JL ^S. ^^A^ MgCl2 2mM S^<^1 tfltt ^^1 

^ ^^jL4i <Sifl ^-§-^^# ^^-^ ^^S., ^^Jl^i <a^M]:-§- S^^l ^ 

^ ^-g- ^^^7]7\ Sj-o]^ ^ ^^i::]-. £ 18 

<^l^i, PGR tit^ ^l-^m^ i^-E^-^flH, M-Bl-^fli^. sflo] 

1 ^ 5'^^^ S'^^^l DNA GREEN phosphor ami dite A% ^^3L ^S. l.OuMS ^} 

cfl*!: nsfl^ M-Bfvfl ^o]o^^ ^]o] 2^ 5'^^3f DNA GREEN 

phosphor ami dite e^-'t #ii|Jl l.OuM^ §H i^^t ^^1^ ^^3L4i 

^^^-§-7l# ^-st «]:-g-^7lii tfl^ nsflH q-Hfi^ 

<i5i> nelJL, PGR cfl^ ^^zfi- 41-7I ^Ajcifl 4^ ^j-^l-S.^ € 

^ A]]^i}o^ ^ xi7l'^^# §1-^31 n PGR ^^§>^q-. 5' 

^^Bf 3' DNA GREEN phosphor ami dite e^-ig ^e) JL^#5)1^b1-o]h. HS.:^ 7^% 

-g- SBl-olTi]oii cfl^ 3.7]^ llSbp^li:^. £ 18<^1 ^o] , 51] 
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<152> ^l^Hl^i ^r^^ ^o], ^ ^^71 A>o]oll ^^o] ^^§1-^ SYBR 

Green I, Foerst33228, s.t^>o1:c (g^ j^jj^^ Bromide(EtBr)) 

§ic>^ A]^^ 3.711 lEt^Al^cl-. 

<i53> TaqMan^ HS-jag. a]-^^]-^ HS-jag. 20711 ol^>o| ^7] a-]^ 

^ ^AS. ^}B.S. HS^-Sl y^l^l-ol <>|^J1 ^711^1 ^^'gSl- S^l§Ho> ^}B.S. 

y|^ol ^S-Sl^l, 20711^ ^7l A}o]o^ 7^^7\ ^7] ^r^Tll 
quenching) §1-^1 ^^3., A ^^7171- ^7\^^^ ^^^Sl^LS HS.^7> 

A^5]Ti^ Tail;gol y^^}^ ^l-o] ^^(high background detection) ^^^l^'^l 
$X^^, ^ Taq 5' ^m^<=>\^] ^=^^^} ^W^H, 

a^l^jV^S-S x^l^o] ^ol§>S.S H^ti- til-g-ol X-l^§>a^ o]^^ n 

<i54> Molecular Beacon<^l ^*!r ^ ^^7]^^^ ^^S. «1H^ 

ol-g-5r>o^ SliBl i::fol^ ^^l7l- ^S. 7\77\o] ^^l^V^ ^^ol ±. 

^ '^^^\ til^H ^^^1- ^<^^ 40711 ol4>o] eg 7] A-lt^ A^s:l-S.^ 

SS^^ x-ll^l-ol ^eJ§l-Jl ^711^1 ^;^l§l-alol: g>s.S. Wl-g-o] 

<i55> ^-^jsi- ^l-g-§>^ ^j-'^^ 2711^ H5l-^H^ 2711^1 -S. 
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47115] #5] Jl^#5ll^Bl-o]H# ^J^S. ^}<^ ^■^^'^] <^]^] 

-g- S^^l- x-H^^o.^^^! , ^^^^o^(in vitro)<=il^iM- ^5^fli^(in vivo)^l^i 

DNA51- RNA «]:-§- si i::l-<y=t!: ^^fl* 2-M^^*>^ «c}-^-5.S ^l-g-€ ^ ^^^-11, 

^^3L4i ^^11 Mt-i-CPCR), ^^j5l-«]r-§-(Hybridization), e1-^l7llc>l^ 

(ligation), ^^(cleavage) , ^11 recombination) ^ ^^^(synthesis)^^^ ^^1-^ 
^, <^7lAl<g^;^^«j-T^( sequencing), i^<^l ^#(niutation detection), ^ 

DNA/RNA ^ ^^^-g-ul-o]^ (biosensor to assess the concentration of 

lead, DNA /RNA, Protein)^<^Hl 9X^. 
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^^^'^l ^si-^>^ ^%'^s.7} s.^]^o] sx^^ ^y] sfl^^^^B] 

(ii) ^1-71 ^^ ^'UyM^s. ^elAi^^, Aj-7i ^1 i^e]ji^#5il^Bfo]:B 
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